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INTRODUCTION 


In many studies on the effects of various 
sensory stimuli on activity in different parts 
of the brain, the depth of narcosis is a 
vitally important variable. It is therefore 
important to be able to choose the depth at 
which the observations are to be made and to 
have some sort of quantitative scale by which 
the narcosis at the time of observation can 
be measured and recorded for purposes of 
comparison with other related observations. 
Such a seale might also find useful clinical 
applications. 

Swank and Foley (1948), working on 
dogs, studied a number of physiological cri- 
teria by which the depth of barbiturate nar- 
eosis could be estimated. These included the 
electroencephalogram (EEG), respiratory vo- 
lume, the effects of measured concentrations 
of CO, upon respiration, and blood pressure. 


1 Aided by a grant from Mr. Edward Mallinckrodt, 
Jr. 

2 Four preliminary reports have been presented 
(Forbes et al. 1951, 1952, 1953; Forbes and Merlis 
1955). 


The changes in these functions were signifi- 
eant and useful, but the nearest they came 
to a quantitative scale of depth of narcosis 
was ‘‘light, moderate and deep.’’ 


In 1949, Forbes, Battista, Chatfield and 
Garcia, using cats, sought a quantitative meas- 
ure of the depth of narcosis related to the 
concentration of the barbiturate (Nembutal) 
in the blood. To this end, they observed the 
rate of development of and recovery from 
narcosis following a large intraperitoneal in- 
jection (42 or 48 mg/kg. body weight), as 
shown by frequency of brain waves, respir- 
atory rate, and blood pressure. Tentative 
curves of decreasing concentration of the drug 
in the blood were compared with curves of 
the ‘‘functional mean’’ — an average of the 
values of the above-mentioned functions. To 
test the validity of the presumed curve of 
drug destruction, analyses of blood samples 
for Nembutal were made. These showed that 
the estimates of concentration were of the 
right order of magnitude. 

The number of these evaluation exper- 
iments was so small and the variable factors 
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in narcosis so many that only a crude scale of 
measurement was obtained. In view of the 
importance of such a scale, it seemed worth 
while to do a more extensive series of exper- 
iments in the hope of finding one more ac- 
eurate and reliable. This hope has not been 
realized fully, but much pertinent informa- 
tion has been obtained which may be of value 
in pointing the way to better measurements 
of narcosis in the future. 

Possible methods of evaluating narcosis 
ean be divided into two main classes: (1) 
estimates of the concentration of the drug in 
the blood and active tissues, especially the 
brain, and (2) objective data revealing the 
modified activity of the functioning tissues 
affected by the drug. In the first class are 
such chemical tests as will measure directly 
the concentration of the drug, and estimates 
based on the amount of drug injected and 
rates of absorption and disappearance. In the 
second class are measurements of blood pres- 
sure, respiratory rate and volume, cortical 
activity, reflexes, and any other physiological 
functions that furnish reliable evidence. 

Bickford (1950) developed a procedure 
that affords both a quantitative measure of 
and a means of automatic regulation of nar- 
cosis, by rectifying and integrating the elec- 
trical energy derived from the EEG and using 
that energy on the negative feedback princi- 
ple to operate the syringe by which the drug 
is injected into a vein. As the narcosis 
deepens, the energy of the brain potentials 
decreases, and this slows the injection rate 
until a presumably steady state of narcosis 
is attained. Bickford’s contribution furnished 
a valuable procedure for the pursuit of our 
quest, and we have followed the lead thus 
indicated. 


TECHNIQUE 


The .observations were made on 72 eats 
and one monkey. In three of the early exper- 
iments, Pentothal was used, but the narcotic 
level was too unstable, and all further studies 
were made with Nembutal (pentobarbital 
sodium ). 


The standard procedure was to inject 45 
me/ke. of Nembutal intraperitoneally (i.p.), 
and after surgical anesthesia was achieved to 
prepare the animal for recording. In a few 
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experiments, the course of induction was 
studied by preparing the animal under divinyl 
ether and ethyl ether and discontinuing the 
ether inhalation shortly before i.p. injection 
of Nembutal. 

Intravenous (i.v.) injection of Nembutal 
solution was made through a cannula tied into 
the brachial vein, kept patent by slow saline 
drip until injection began. Various automatic 
injection devices were used. Initially a Bick- 
ford (1950) type was constructed, each pulse 
(‘‘elick’’) from the EEG integrator moving 
a cog-wheel one step, and each step producing 
injection of a unit volume of Nembutal solu- 
tion. Quieter operation was obtained with the 
Verzeano (1951) modification using a small 
servomotor, but this was not durable enough 
for long and repeated use. The final modi- 
fication, devised by Degelman (1956a), used 
the stepping relay with a special coupling 
circuit to avoid the attenuating effect of low 
shunting impedance, so that it made no dif- 
ference to the EEG record whether it was 
eonnected to the integrator and driving the 
syringe or not. The system could then be 
used to record the energy derived from the 
brain and at the same time be used to drive 
the syringe. No other change from Bickford’s 
original circuit was made. The response ci 
the integrator to sinusoidal input voltages of 
constant amplitude was linear through the 
band-pass of the Grass EEG apparatus. 

It was desirable in many experiments to 
separate the control of narcosis from the re- 
cording function of the integrator. To this 
end, Degelman made a separate driving device 
to provide constant injection at any desired 
rate, with the integrator circuit merely re- 
eording ‘‘clicks’’ rather than controlling the 
rate of injection. 

With automatically-controlled anesthesia, 
Nembutal concentrations of 0.6 to 4 mg/ee. 
were used. For constant-rate injection, at a 
standard rate of flow from the syringe of 
19 ec/hr., dilution of the Nembutal was made 
to permit injection at rates from 5 to 12 
meg/kg/hr. In all experiments, the volume of 
fluid injected was checked at frequent in- 
tervals by reading the calibration on the 
syringe. 

Electroencephalographie (EEG) record- 
ing was made through steel phonograph nee- 
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dles embedded in the skull and leading to a 
Grass 8-channel inkwriter. The electrodes 
were placed along the top of the cranium, 3 
on a side, about 1.5 em. apart longitudinally. 
The first 4 channels were used for ‘‘bipolar’’ 
recording, the next 2 or 3 for ‘‘monopolar’’ 
recording, with a nose electrode as reference 
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was constructed, by which body temperature 
could be held constant within 0.3°C. for 
hours. Body temperature was measured by a 
rectal or intramuscular thermometer. In one 
group of experiments, studies were carried 
out at different body temperatures, 35° or 
39°. The cat was cooled quickly by replacing 
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Fig. 1 


Typical EEG records. 


‘‘monopolar’’, channel 7 heart rate, channel 8 respiratory volume. 


Channels 1-4 ‘‘bipolar’’ leads, channels 5 and 6 


Elee- 


trical energy (‘‘clicks’’) is recorded by signal magnet tracing at bottom. 
Integrator connected to channel 3. Bias 40 (ef. fig. 13b). Experiment of 
June 16, 1952; body temp. 37°C. a: Light narcosis, 1 hr. after i.p. injection 
of Nembutal, 45 mg/kg. b: Deep narcosis, 91% hr. after ip. and nearly 
8 hr. after start of i.v. injection; independent syringe drive, average dose 
rate 5.7 mg/kg/hr. B-w count, a: 4.6; b: 1.1 


(fig. 1). The integrator was connected with 
one of the channels recording from bipolar 
leads. 

Respiration was recorded in some exper- 
iments by means of a strain gage pneumo- 
tachograph (Degelman 1956b), which pro- 
vided quantitative recording of tidal volume 
(fig. 1). 

Body temperature was maintained in the 
early experiments by using hot-water bottles. 
This proving unsatisfactory, a heating box 


the heating box with another containing a 
tray full of ice on a shelf just above the 
animal. 

In some experiments, blood for COs. and 
barbiturate analyses was drawn from the 
femoral artery. In a few it was drawn directly 
from the heart. Blood CO, tension (pCOsz, 
in mm. Hg.) was ealeulated by the method of 
Singer and Hastings (1948) after measure- 
ment of CO. concentration by the mano- 
metric method of Van Slyke or the volumetric 
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method of Kinoshita et al. (1952). Barbi- 
turate concentration was determined by the 
spectrophotometric method of Walker eé al. 
(1948). 

In many experiments, tests were made for 
presence or absence of the flexion reflex at 
different stages of narcosis by pinching a toe 
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of greatest amplitude. With 14 the maximum, 
practically no waves attained this value in the 
deeper stages of narcosis, when significant 
further decrease could still be observed on the 
record. The standard adopted consisted of 
1, of the maximum potential. All waves 
exceeding this value in a 40-sec. stretch were 


Fig. 2 

EEG records showing transition from ether to Nembutal pattern after 
i.p. injection, 45 mg/kg., and- subsequent course before and during i.v. 
injection. May 6, 1953; body temp. 38°. a: Ether pattern, before Nembutal. 
b: Transition to Nembutal pattern, 644 min. after i.p. injection; b-w count 
0.9. c: 15 min. after i.p., b-w count 0.25. d: 1 hr. after i.p., b-w count 0.6. 
e: 3hr. 20 min. after i.p., b-w count 3.8 .f: 3 hr. 45 min. after ip. and 
14 min. after start of i.v.; integrator-controlled, bias 50; initial rate 
17 mg/kg/hr.; b-w count 1.3 g: 2 hr. 10 min. after start of i.v., dose 
rate steadied to 6.5 mg/kg/hr.; b-w count 0.7. 


pad on the hind foot with large mouse-toothed 
forceps. 

Brain-wave counts. The measure used by 
Forbes et al. (1949), counting all waves 


exceeding 50 »V., was abandoned because of 
variation in the voltage of waves from dif- 
ferent channels. We adopted an arbitrarily 
chosen fraction of the voltage of the largest 
waves at the stage of narcosis when they were 


counted and the average per second calcu- 
lated. Hereafter this is designated b-w count. 
Consistent standards were established and 
recounts by a given individual as well as 
check counts by a second observer gave results 
that almost always agreed within 15 per cent 
and usually within 5 per cent. 

In the deeper stages of narcosis, the waves 
appeared in bursts, with relative inactivity 
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between. A 40-sec. stretch might include 4 
or 5 such bursts, making the counts vary 20 
or 25 per cent on adjacent stretches. Such 
variations in the count do not signify true 
differences in depth of narcosis, and in the 
graphs two or three successive counts have 
been averaged. 

B-w counts have been compared with the 
‘“elick’’ counts, by which the integrator meas- 
ured the energy derived from the brain waves. 
The grid bias in the integrator circuit could 
be made to reduce the recorded energy by 
eutting off the effect of the smaller waves 
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titative comparisons bearing on the rates of 
absorption and elimination of the drug. Such 
experiments could still be useful for certain 
purposes, e.g., for relating b-w counts to 
‘‘elick’’ counts or to analyses of blood Nem- 
butal concentration. 

Since the usual surgical preparation pre- 
eluded recording from the unanesthetized 
animal, a complete series of b-w counts during 
the induction of surgical anesthesia could not 
be obtained. The best approach to this problem 
was to record the transition from ether to 
Nembutal narcosis. Two such eases clearly 
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Fig. 3 
B-w counts plotted against hours after i.p. injection in an experiment begun 
under ether. May 13, 1953; body temp. 38.5°. 


at any desired potential. In some experiments, 
therefore, the bias was adjusted to cut off at 
about 14 of the potential of the largest waves, 
to simulate our method of counting brain 
waves. In other experiments, to find the value 
giving the closest approximation to the b-w 
count, the bias was set at several different 
values periodically throughout the experiment. 


RESULTS 


Course of Narcosis after Standard 
I.P. Injection 


Usually an i.p. injection of 45 mg. Nem- 
butal/kg. induced full surgical anesthesia in 
from 10 to 15 min. In 11 of the 72 eats, this 
dose failed to induce narcosis so quickly and 
a supplemental injection was given. This 
situation invalidated the experiment for quan- 


showed the change in pattern described by 
Derbyshire et al. (1936) and Beecher and 
McDonough (1939). One of these is illustrated 
in figure 2: the change from the ether pattern 
to that of Nembutal was complete about 5 
min. after ether was withdrawn and Nembutal 
injected i.p.; the maximum depth of Nem- 
butal narcosis was attained 13 min. after the 
i.p. injection. 

The high frequency of brain waves under 
ether renders them unsuitable for quantitative 
comparison with those under Nembutal. A 
curve of counts starting from the beginning 
of the barbiturate pattern is shown in figure 
3. This is fairly typical and shows a minimum 
b-w count from about 7 min. to 15 min. after 
ip. Thereafter recovery was at first rapid 
and then more gradual. 
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When narcosis was begun by i.p. Nembutal, 
the first counts were taken between 14 hour 
and 2 hours after the i.p. injection. Figure 4 
is a plot of recovery as indicated by the in- 
crease in b-w counts in 30 experiments in 
which the standard dose (45 mg/kg.) was 
absorbed at the normal rate and the animal’s 
temperature remained nearly constant. 

It will be seen from the vertical scatter 
that there was wide variation in b-w counts 
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experiments, analyses were made at two wide- 
ly separated intervals after i.p. injection, thus 
showing the speed of disappearance of the 
drug (lines). A majority of the 8 analyses 
agree fairly well with the estimated curve of 
drug disappearance; two are quite far out of 
line. A few other analyses in the series were 
so far out of line as to suggest some gross 
source of error; these are omitted from the 
figure. The analyses shown here all indicate 
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Fig. 4 
Plot of b-w counts during recovery from i.p. injection of Nembutal 
in 30 experiments, showing diversity between animals but tendency to 
recover at nearly the same rate. For simplicity, all curves except one 
are plotted as straight lines between two points, early and late in 


recovery. 


at a given time after the i.p. injection, yet 
they show a tendency to be grouped not far 
from the mean, near 3 at 114 hours. More 
nearly constant is the slope of the curves 
which, between 1 and 3 hours, shows an 
average increase of about 60 per cent. Usually 
the animals with counts below the average 
were those whose body temperature was below 
38°, which is normal for the cat. 

The blood Nembutal analyses in six exper- 
iments, in which the same standards of pro- 
cedure were maintained, are shown in figure 
da and are compared with the hypothetical 
curve of drug disappearance used by Forbes 
et al. (1949, fig. 2 and 3). In two of the 


concentrations lower than the estimate, but 
the majority average only 18 per cent less. 
And the rate of destruction in the two exper- 
iments in which it was recorded agrees closely 
with the estimated rate. The analyses report- 
ed by Forbes et al. (1949) averaged about 40 
per cent more than the estimate. It should 
be noted that in their experiments the blood 
was drawn after larger quantities of Nembutal 
had been injected and the average interval 
of their samples was much longer after the 
beginning of narcosis than in the present 
series. 

In figure 5b are shown the analyses of 
blood drawn from the heart. The quantities 
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injected were all less than the standard i.p. 
dose. In the experiment in which injection 
was into the heart, three successive samples 
showed a decrease expressed by a smooth 
eurve. Both the i.p. and the i.v. injections 
were also followed by a decrease along a 
smooth curve. Evidently the decrease in drug 
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by brain-wave feedback are shown in figure 
6. Both show a considerable period of re- 
eovery from the i.p. injection before i.v. in- 
jection was started. Figure 6a shows the ef- 
fect of adjusting the electrical controls for a 
slow injection rate. At the outset, the syringe 
delivered Nembutal at a rate of 10 mg/kg/hr., 
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Fig. 5 
Analyses of Nembutal coneentration in blood at different times after in- 
jection. a: I.p. injection, 45 mg/kg.; 8 analyses (x) from 6 animals. 
In 2 of these, two samples drawn more than an hour apart; the lines 
connecting these points show rate of disappearance of the drug. Above 
is curve of absorption and elimination assumed by Forbes et al. (1949). 
b: Nembutal concentration of cardiac blood after: e, intracardiac in- 
jection, 20 mg/kg.; x, i.p. injection, 30 mg/kg.; 0, i.v. injection, 30 mg/kg. 


concentration is more rapid when injection 
is directly into the blood stream. 


Course of Narcosis with I.V. Injection 


Automatically-controlled injection. In the 
preliminary experiments using the Bickford 
method of i.v. injection, the rate was varied 
several times during the experiment by reset- 
ting the electrical adjustments (e.g., fig. 11). 
In the definitive experiments, however, the 
adjustment was left constant. 

Graphs of two typical experiments in 
which injection was automatically controlled 


but, in less than 10 min., decreasing cortical 
activity had begun to reduce this rate, and 
within an hour it had stabilized at less than 
4 mg/kg/hr. For about 4 hours, the ‘‘click’’ 
rate remained practically constant and the 
b-w count remained between 3 and 4. 

In figure 6b, the controls were set for 
more rapid injection. For the first 10 min. 
the syringe delivered the drug at about 28 
mg/kg/hr. In 114 hours the injection rate 
was stabilized at about 7 mg/kg/hr., and 
although this rate, as revealed by both the 
‘‘elick’’ count and the syringe readings, re- 
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mained nearly steady for 244 hours, the b-w 
count continued to decline gradually, sug- 
gesting that narcosis was deepening. 

The fact that, when the feedback had 
stabilized the injection rate, this tended to re- 
main constant for a fairly long time, often 
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Graphic records of 2 experiments in which i.v. in- 
jection was regulated by integrator feedback. a: Inte- 
grator adjusted for light narcosis; bias 60; June 10, 
1953. b: Adjusted for deep narcosis; bias 45; May 
27, 1953. In both, body temp. steady at 38°. In 
this and figures 7, 9, 10 and 11, the upper line 
depicts the quantity of Nembutal injected, ordinates 
reading downward, the slope showing the dose rate. 
x, B-w counts; o, ‘‘click’’ counts. 
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more than an hour, suggested that a constant 
injection rate might suffice to maintain a 
constant depth of narcosis. To determine the 
feasibility of simplifying the regulation and 
measurement of narcosis by using a constant 
injection rate, a large number of experiments 
were made with independently-controlled in- 
jection. 

Constant injection rate. Several different 
experimental procedures were adopted. In 
many instances, the injection rate was kept 
-onstant throughout the experiment. In 


FORBES, MERLIS, HENRIKSEN, BURLEIGH, JIUSTO and MERLIS 


others, injection was discontinued for a time 
and then resumed at the same rate. In still 
others, the injection rate was abruptly 
changed from a low to a high rate, then back 
to the low rate again. In all of these exper- 
iments, the animal’s temperature was main- 
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Fig. 7 


Two experiments with constant-rate iv. injection. a: 
5 mg/kg/hr.; bias 76; Feb. 25, 1953. b: 12 mg/kg/ 
hr.; bias 60; April 1, 1953. Body temp. represented 
by broken line at bottom. 


tained as constant as possible. Finally, the 
effect of temperature was tested. 

When the i.v. injection was kept at a 
constant rate from the start by means of the 
independently-controlled syringe drive, the 
injection was begun at times varying from 1 
hr. 22 min. to 3 hr. 42 min. after the 1.p. 
injection (many of the experiments in fig. 4). 
The ‘‘click’’ counts, although no longer a 
measure of injection rate, were recorded to 
learn how closely they correlated with b-w 
eounts and how reliable a measure of narcosis 
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they might be. The periods of injection ranged 
from 314 to 7 hr., and the Nembutal injection 
varied from 5 to 12 mg/kg/hr. 

Figure 7 shows graphs of two typical 
experiments in which constant-rate i.v. injec- 
tion began after a long period of recovery. 
In 7a, the i.v. was at the minimum rate, 5 
mg/kg/hr., in 7b it was 12. In each exper- 
iment, the b-w counts are compared with 
‘‘elick’’ counts derived from the same chan- 
nel. At the lower rate of injection the brain 
activity, after about an hour, stabilized at a 
nearly constant level for about 3 hr. With 
12 mg/kg/hr., the decline was rapid for the 
first hour, then there was a slower rate of 
decline, but by 31% hr. the count was close 
to zero. This condition persisted till the injec- 
tion was stopped after 4 hr. 20 min. Then 
began, a slow, gradual recovery during the 
next hour, after which the experiment was 
terminated. 

In both of these experiments, the ‘‘click’’ 
eounts ran closely parallel with the b-w 
counts. In general, this correlation obtained 
between the electrical energy and the b-w 
counts in the channel from which this energy 
was integrated and was visibly closer than 
with counts made from other channels. 

Figure 8 presents a family of curves giving 
average results for each of the dose rates 
employed. These were selected from a larger 
number of such experiments; all animals re- 
ceiving more than one i.p. dose were elimin- 
ated, as were animals whose body temperature 
varied significantly during the experiment. 
The animals used displayed, at the beginning 
of i.v. injection, a b-w count of 3.5 to 4.5. 
The initial counts were all adjusted to a 
common starting point and the curves pro- 
portionately corrected. This figure therefore 
portrays somewhat more clearly than the one 
published by Forbes et al. (1953) the rates 
of decline of b-w count with different Nem- 
butal doses. The crossing of two pairs of 
curves after several hours of injection appears 
to reflect differences in individual responses. 

In general, 5 mg/kg/hr. maintained a 
nearly constant level of narcosis for several 
hours. At 6 mg., the level of narcosis dropped 
slightly for several hours and then became 
stabilized. In both eases, the count began to 
fall off more steeply after 5 to 6 hr. (fig. 7a). 
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With injection rates of 7 mg. or more, there 
was regularly a progressive decline, although 
sometimes the rate of decline slowed for a 
while. And with rates as high as 10 or 12 mg., 
the decline proceeded fairly rapidly to the 
point of cortical quiescence, in which long 
periods occurred without any measurable 
waves. 

That the ability to destroy the drug be- 
comes progressively impaired was demon- 
strated in a few experiments in which a fairly 
high rate of injection was interposed between 
two periods of lower rate. Figure 9 shows 
the course of narcosis in such an animal. For 
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Fig. 8 
Average rates of decline of b-w count at 6 dose 
rates of Nembutal, from 5 to 12 mg/kg/hr. The 
beginning of i.v. injection varied from 2 to 4 hr. 
after ip. injection. Curves adjusted to start from 
the same point, the better to show the divergent 
slopes. Body temp. constant at 38° in all cases. 
Averages from 2 animals at dose rate 5, 2 at rate 6, 
2 at rate 7, 3 at rate 8, 3 at rate 10, and 2 at rate 12. 


3 hr., the i.v.. injection was maintained at 
6.3 mg/kg/hr., and during that time the b-w 
counts became fairly steady at 2. Then the 
rate was increased to 12.3 mg., and the b-w 
count rapidly decreased to a level of 0.9, 
indicating deep narcosis. After one hour, the 
injection rate was restored to 6.3 mg. The 
return to the lower rate did not raise the b-w 
count; instead it became stabilized at the 
lower level. This effect was regularly found 
in all experiments of this type. 
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In a few experiments, the i.v. injection ran 
at a fairly high constant rate for about 2 hr. 
and was then discontinued for a period which 
sufficed for recovery to about the same b-w 
count as that immediately preceding the i.v. 
injection. When injection was resumed, the 
b-w count declined much more rapidly than 
during the first injection. This again points 
to the cumulative effect of prolonged or re- 
peated injections. 

Temperature. In one experiment (June, 
1952), the weather was abnormally hot and 
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was more rapid and, on cessation of injection, 
the recovery was somewhat slower than at 39°. 

One such experiment is illustrated in 
figure 10. The cat’s temperature was brought 
down to 35° at the time i.v. injection was 
begun (12 mg/kg/hr.). .This injection was 
continued for 30 min., at which time the b-w 
count was down to 1. The recovery curve 
was followed for nearly 2 hr. at this tem- 
perature. Then the body temperature was 
increased to 39°, at which time i.v. injection 
was resumed at the same rate and continued 
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Fig. 9 
Experiment with constant-rate injection, low rate interrupted by 1 hr. 
at high rate. Bias 41; Nov. 30, 1951. Arrows: times when injection rate 


changed. 


the temperature in the laboratory rose to 
40°C. It was impossible to bring the cat’s 
body temperature down to the normal range, 
38°, and narcosis remained unusually light in 
relation to the dose administered. This ob- 
servation led us to surmise that high body 
temperature accelerated the disappearance of 
Nembutal. To test this point, we did a variety 
of experiments to study the effects of high 
and of low body temperature on the course 
of narcosis. These showed that at 35° the 
decline of cortical activity during injection 


till the ‘‘click’’ counts showed that the brain 
activity had fallen to the same level as before. 
At this higher temperature the time required 
was 40 min. Injection was then stopped; the 
recovery was more rapid than at the lower 
temperature, in spite of the fact that recovery 
from a second injection had regularly been 
found to be slower than that from the first 
when the temperature was constant. 

Such experiments showed that rather small 
changes in temperature significantly affected 
the rate of Nembutal destruction and thus 
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altered the course of narcosis at a given in- 
jection rate. Thereafter especial care was 
taken to keep the temperature as nearly 
constant as possible, close to 38°, and it is 
such experiments that have been used for il- 
lustration above (fig. 6 to 8). 


Concentration of Nembutal in the Blood 


Fifty-five analyses for blood Nembutal 
concentration from 16 experiments have been 
compared with the b-w counts at the same 
time. Several analyses showed poor correla- 
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this case, i.v. injection was begun 83 min. 
after the standard i.p. injection and was con- 
trolled by Bickford feedback, set at an initial 
injection rate of about 25 mg/kg/hr. In 40 
min. this had induced deep narcosis and in- 
jection was stopped. Nembutal concentration 
by analysis increased during this i.v. injec- 
tion from 2.4 to 4.3 mg/100 ee. blood. Two 
hours without injection brought the concen- 
tration down to 2.7 mg., and the b-w count 
had risen to more than half that found before 
the beginning of i.v. injection. Resumption 
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Fig. 10 
Experiment comparing response to Nembutal at two different body tem- 
peratures in the same animal. I.v. injection rate same both times, second 
injection stopped when ‘‘click’’ count (0) the same as at first cessation. 
Arrows: times when injection started or stopped. Bias 40; Jan. 28, 1953. 


tion with the amount of Nembutal which 
could reasonably be expected on the basis of 
the amount administered. In some, clotting 
of blood in the sample was a patent source 
of gross error. But some of the analyses, in 
which no clotting was noted, were so far out 
of line with other indications that more ob- 
secure sources of error probably invalidated 
them. 

In some experiments, several successive 
samples showed satisfactory correlation with 
the quantities of Nembutal injected. One of 
these is illustrated in detail in figure 11. In 


of i.v. injection at a lower rate then caused 
increase in blood Nembutal concentration and 
a corresponding decline in cortical activity. 
From six experiments in which the ana- 
lyses showed an orderly relation to the 
amount of drug injected, b-w counts have 
been plotted against blood Nembutal concen- 
tration (fig. 12). The count in each: case was 
made on the records taken just before and 
after the blood sample was drawn. It is 
evident that there is considerable divergence 
in the relation of b-w count to Nembutal 
concentration in different cats. On the aver- 
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age, however, judging from all of the records, 
when the blood level was 2 mg/100 ce. the 
b-w count was 2.0 to 3.8, when 3 mg., 1.4 to 
3.0, when 4 mg., 0.6 to 1.9, and when 5 mg., 
0.2 to 1.0. Inspection of the records suggests 
also that there was a tendency for the cortical 
activity to be lower in proportion to the meas- 
ured Nembutal concentration when there had 
been prolonged narcosis than in the early 
hours of drug administration. 


CO, Tension 
In view of the tendency of barbiturate 
narcosis to induce accumulation of COs, in the 
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In others there was no increase, or a slight 
decrease, even in animals in which large doses 
had increased the Nembutal concentration in 
the blood to a high level and cortical activity 
was profoundly depressed. It is clear then 
that although increased CO2 tension may have 
added to the depressing effect of Nembutal 
in some eases, in others the decline in cortical 
activity after prolonged narcosis cannot be 
explained by this influence. 


Flexion Reflex 


Presence or absenee of the flexion reflex 
was recorded at intervals in 25 of the exper- 
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Fig. 11 
Experiment with integrator-controlled i.v. injection, showing injection rate, 
blood analyses for Nembutal and pCO., respiratory rate and b-w count. 


Body temp. 35-36°; May 17, 1951. 


tissues (Beecher and Moyer 1941), thus 
causing a vicious circle in susceptibility to 
the drug (Forbes et al. 1949, p. 148), com- 
parison of CQ, tension in the blood at the 
beginning and end of typical experiments is 
important: A fairly average case is shown in 
figure 11. In this instance, COz tension had 
increased somewhat at the end of the exper- 
iment when narcosis had been pushed to a 
very deep stage. In a few experiments, the 
increase in COs. tension was more marked. 


iments. The results showed more variability 
in comparison to the depth of narcosis as 
measured by cortical activity than can be 
ascribed to the ecrudity of the method of 
evoking and recording the reflex. For exam- 
ple, in one eat, the flexion reflex was absent 
when the b-w count exceeded 5. In another, 
it was present when the count was only 1.5; 
in the latter case, spontaneous movement 
showed that narcosis was not deep, so that 
the b-w count was deceptively low. In gen- 
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eral, the results were fairly consistent in 
showing disappearance of the flexion reflex 
as the b-w count fell between 4 and 2.5. Three 
experiments in which blood analyses were 
made at about the time the reflex disappeared 
showed concentrations ranging between 3.1 
and 2.7 mg. Nembutal/100 ce. blood. 


Respiration 
In the few experiments in which respir- 
atory minute volume was measured in addi- 
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Fig. 12 
B-w counts plotted against blood Nembutal con- 
centration, 6 experiments. 


tion to respiratory rate, curves were plotted 
to determine how closely they correlated. 
When respiration was accelerated by thermal 
stimulation, the curves diverged, and respir- 
atory volume did not increase in proportion 
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to the increase in rate. Otherwise the agree- 
ment between the two curves was so close that 
no significant information could be gained 
by the laborious measurement of volume. 

Respiratory rate decreased with large in- 
creases in depth of narcosis but was a much 
less sensitive indicator than b-w activity (fig. 
11). Often respiratory rate remained virtual- 
ly constant while deepening narcosis caused 
a steady decline in b-w count, and this con- 
stant rate might persist until a very deep 
stage of narcosis, before abruptly decreasing 
and ceasing. 


Rectified Electrical Energy as a Measure 
of Narcosis 


A hope has been entertained that, by 
standardized placement of electrodes, in rela- 
tion to the cerebral cortex and by standardized 
electrical circuits and constants throughout 
the rectifying, integrating and recording 
systems, an absolute measure of the depth of 
narcosis could be established in terms of 
recorded electrical energy (Verzeano 1951). 
Our observations show a fairly close correla- 
tion between recorded energy (‘‘click’’ count) 
and b-w count in the course of a single exper- 
iment, but it is obvious from inspection of 
the EEG records that the energy output from 
adjacent channels, ever when symmetrically 
placed, often differed so much that a quan- 
titative scale based on a single channel is not 
dependable (fig. 1). This could be shown 
also by switching the integrator from one 
channel to another during an experiment. Yet 
generally records from adjacent channels 
were so similar that a fairly good approxima- 
tion might be obtained by recorded electrical 
energy if adequate constancy in the electrical 
system could be obtained. 

Inspection of the graphs of single exper- 
iments in which the grid bias (40 to 45 on the 
dial) permitted a high ‘‘click’’ rate (fig. 
6b, 9, 10) shows that, though there is almost 
always a consistent correlation between 
‘‘elick’’ and b-w counts, the relation is not 
linear. As the b-w frequency fell, the ‘‘click’’ 
count fell too, but proportionately less. To 
analyze this relation, in five successive exper- 
iments the recording system was standardized 
with a constant value of the grid bias (40 on 
the dial) ; a calibrating 6-V. A.C. input was 
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introduced and the sensitivity of the inte- 
grating circuit was adjusted to respond to 
this input with a standard ‘‘click’’ count of 
112 + 4/min. In figure 13a the ratio of 
‘“elicks’’/see. to b-w count, as ordinates, is 
plotted against b-w frequency at several stages 
of narcosis. In every experiment, the ratio 
of ‘‘clicks’’ to brain waves increased as the 


B40 4 


“Clichs’/ BW. 


BW>+ Max./Sec 


Fig. 13 

Ratio of integrator ‘‘clicks’’/sec. to b-w count 
against b-w count. a: Graphs from 5 experiments 
with bias 40 on dial. Sensitivity 80 to 85, adjusted 
for standard ‘‘click’’ rate on 6-V. calibration. Ex- 
periments in Jan. and Feb., 1953. b: Similar graphs 
from one experiment, with 3 values of bias; sen- 
sitivity 80. March, 1953. 


frequency decreased. In each experiment, 
there was a moderate scattering of points. 
Between different experiments there was 
wider divergence, especially when activity was 
greatly reduced. In the more active states, 
the ratio was dominantly close to a value 
of 0.7. 

In another three experiments, the grid bias 
was adjusted so that only voltages exceeding 
Approximately 144 maximum were integrated. 
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The maximum voltage was established when 
the EEG showed that recovery from the i.p. 
injection had progressed to the stage of maxi- 
mum amplitude of cortical waves (fig. la, 
2e). Plotting the ‘‘click’’-to-b-w ratios in 
these three experiments -showed that they 
were nearly constant at all levels of narcosis. 


In six other experiments, the integrator 
sensitivity was kept constant but the grid 
bias was changed frequently for about a 
minute at a time, so that the ‘‘click’’ counts 
at bias dial settings of 40, 50, 60 and 70 
could be compared with b-w counts during 
the course of gradually changing narcosis 
level. The result for one experiment in which 
many counts were made at bias settings 40 
and 60 and a few at 70 is shown in figure 
13b. It appears from this that with the 
particular dial arrangement in our apparatus, 
a grid bias setting at 60 rendered the correla- 
tion between ‘‘elick’’ and b-w counts ap- 
proximately linear. 


Observations on a Monkey 


The single experiment on a monkey was 
complete, in that it included a series of 5 
satisfactory analyses for blood Nembutal and 
2 for COs as well as an EKG record through- 
out prolonged and deepening narcosis. In the 
main, the results were similar to those for 
eats. The only notable differences were the 
following: (1) the b-w count was lower in 
relation to the blood Nembutal concentration 
than in any similar experiment on cats. The 
average count was 2 at 1 mg/100, and 0.7 
at 1.5 mg. (ef. fig. 12); (2) throughout the 
deep stage of narcosis, in which long quiescent 
intervals appeared in the record, the waves 
came in bursts, instead of singly. 


DISCUSSION 


In view of these findings, what is the most 
practical method of adjusting and evaluating 
the depth of barbiturate narcosis ? 


Drug Concentration 

Chemical analysis of Nembutal concentra- 
tion in the blood by the method of Walker 
et al. (1948) has proved valuable in this re- 
search and the previous one (Forbes et al. 
1949) in showing the approximate concentra- 
tions corresponding to various stages of nar- 
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cosis, as shown by physiological evidence. 
Thus it has established a quantitative basis 
for measurement, although a crude one. Re- 
eently, another method of analysis has been 
developed by Brodie et al. (1953) which 
might prove more reliable. Such analysis, 
however, is not suitable for use in the course 
of an experiment. Aside from the delay and 
inconvenience of drawing samples of arterial 
blood, the result of analysis is not available 
for many hours. 

The rate of intravenous injection of Nem- 
butal determines the depth of resulting nar- 
eosis (fig. 8). Injection at 5 or 6 mg/kg/hr. 
establishes a fairly constant but light level of 
narcosis, corresponding roughly to 2 mg. 
Nembutal/100 cc. blood at the 6 mg. dose. 
This level can usually be maintained for 3 
or 4 hr., which is long enough for most exper- 
iments. Yet the susceptibility to the drug 
varies in individual animals enough to render 
evaluation on the basis of injection rate a 
rather rough approximation at best. Further- 
more, when the injection rate exceeds’ 6 
meg/kg/hr., the narcosis, as measured by 


physiological signs, increases progressively, 
due apparently to increasing failure to destroy 
the drug. 

The relation of blood CO, tension to. bar- 


biturate action is important. It has been 
shown that various narcotics, including bar- 
biturates, reduce sensitivity of the respiratory 
center to COs, and the resulting accumulation 
of CO. augments the narcosis (Beecher and 
Moyer 1941; Dripps and Severinghaus 1955). 
Our results indicate that while this vicious 
circle may contribute to the progressive de- 
eline of brain activity during continued in- 
jection of the drug, it is not the principal 
eause of that decline. Some other factor or 
factors must be operative. One factor might 
be fatigue of liver function (Papper and 
Ngai 1954), causing impairment of its capa- 
city to break down the barbiturate. Dr. 


Helen W. Deane has suggested that addition. 


of glucose to the infusion might delay this 
loss of power to destroy the drug. 

Kahn (1950) reports that after i.p. injec- 
tion, C14-labeled Nembutal regularly shows 
less concentration in brain tissue than in 
blood. Destruction of Nembutal oécurs chiefly 
in liver and kidney. The degree to which the 
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drug combines with proteins and the details 
of its action on cell membranes remain un- 
known, however. Until such information is 
available, we must rely on _ physiological 
rather than chemical findings in our efforts 
to measure narcosis. 

Another factor in the depth of narcosis 
is body temperature, which appears to affect 
the rate of destruction of the drug (fig. 10). 
In addition to this effect, changes in temper- 
ature may directly alter the brain-wave pat- 
tern (Gaenshirt et al. 1954). Related to our 
data on temperature effects are unpublished 
observations, reported to us by Dr. Kenneth 
Rawson, of the Harvard Biology Department, 
that white-footed mice with a body temper- 
ature of 15°C. required only half as much 
Nembutal to narecotize them to the point of 
muscular relaxation as they did at 37°. 

Aranez and Forteza (1955) reported a 
study of narcosis with thialbarbitone sodium 
(Kemithal) in dogs, in which they compared 
the effects of various intravenous doses from 
44 to 100 mg/kg. They found a marked pro- 
longation of the periods of anesthesia and 
recovery as the dose increased. The transition 
from the ‘‘therapeutic’’ dose to the ‘‘toxic’’ 
dose (about 80 mg/kg.) was marked by a 
very great prolongation of the recovery pe- 
riod. These observations appear to represent 
the extreme condition of impaired ability of 
the body to destroy and eliminate the drug, 
an effect already appreciable in our experi- 
ments when as little as 6 mg/kg/hr. was 
continued for more than 5 hr. 

A practical result of the progressive deep- 
ening of narcosis at a constant injection rate 
is the conclusion that when the Bickford feed- 
back mechanism is employed and is adjusted 
to stabilize at a rate above 6 mg/kg/hr., this 
will not maintain a strictly constant level for 
more than a limited time. As the ability to 
metabolize the narcotic decreases, the narcosis 
will tend to become deeper at the injection 
rate at which stabilization had occurred. The 
injection rate will automatically slow down, 
setting a new stabilization level, but again 
the cycle will recur. Eventually, unless the 
apparatus is set to give zero injection rate, 
narcosis inevitably will deepen. 

It is probable that narcosis can be better 
stabilized by adjusting the grid bias of the 
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integrator to cut off all effective action of 
the system at a small fraction (e.g., 30 per 
cent) of the maximum potential of the cortical 
waves. In that case, injection would cease alto- 
gether when no waves exceeded that voltage. 
Cessation of injection would permit recovery 
until waves of the critical magnitude re- 
appeared, and stability of this level might be 
maintained for a long time. 


Physiological Data 

The best measures we have found for 
depth of narcosis appear to be physiological 
criteria, rather than estimates of concentra- 
tion of drug in the tissues, either by analysis 
or by empirical formulae. Respiratory rate 
is the simplest and least expensive method, 
for it requires no intricate recording instru- 
ments. As already noted, however, it is only 
good for major changes in narcosis and not 
nearly so sensitive as brain activity in re- 
cording minor fluctuations. Indeed, it may 
remain nearly constant while the b-w count is 
decreasing from a fairly high frequency to 
nearly complete extinction (fig. 11). 

Reflexes, such as the flexion reflex, are 
also good indicators within limits. They cor- 
relate roughly, though not accurately, with 
brain activity, but they disappear completely 
in the deeper stages of narcosis. Important 
changes of level can be distinguished by brain 
waves after the flexion reflex has wholly 
disappeared. 

Our experience indicates that brain waves 
(EEG) are the best index of depth of nar- 
cosis. Comparable conclusions have been 
drawn by Kiersey et al. (1951), who describ- 
ed 5 stages of barbiturate narcosis in humans, 
and by Clowes et al. (1953), who distinguish- 
ed 6 stages. The degree of activity the EEG 
evinces may be measured in various ways. We 
are inclined to consider the method used here, 
counting all waves exceeding a chosen frac- 
tion (14) of the voltage of the biggest waves 
during moderate narcosis, as reliable a mea- 
sure as any. This, of course, requires EEG 
recording apparatus. 

The pulses of electrical energy (‘‘clicks’’) 
recorded by the Bickford (1950) integrating 
system afford a more objective method and 
the ‘‘clicks’?’ can be counted much more 


quickly and reliably than brain waves, and 
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indeed while the record is being taken. On 
the other hand, variation of energy derived 
from different channels renders the ‘‘click’’ 
count invalid as an absolute measure of nar- 
cosis, however reliable it may be as a relative 
measure in the course of a single experiment. 
Proper adjustment of the grid bias to min- 
imize the recording of energy due to waves of 
less than some chosen voltage improves the 
correlation between ‘‘click’’ and b-w counts. 
By careful standardization of the electrical 
adjustments and by connecting the integrat- 
ing circuit to a channel that shows a typical 
EEG record of average amplitude, the ‘‘click”’ 
count can be made a convenient measure of 
narcosis, nearly as dependable as a good b-w 
count. 

In spite of the many variables involved 
and the rather wide differences between 
animals and indeed between channels in a 
single record, b-w counts, ‘‘click’’ counts and 
the flexion reflex are roughly related to Nem- 
butal concentration in the blood. A scale of 
such average values is shown in table I. Pre- 
cision in this is not claimed, and standard de- 
viations have not been estimated, but still the 
approximation may be valuable. 


TABLE I 


Average relation of b-w count, ‘‘click’’ count and 
flexion reflex to blood Nembutal concentration. 


Blood 
Nembutal B.W.>% Max. ‘‘Clicks’’/Sec., Flexion 
Cone., Sec. B. 60,8.80* Reflex 
mg./100 ee. 
2.0 3.0 1.0 + 
3.0 2.0 0.7 a 
4.0 1.0 0.3 — 
5.0 0.5 0.2 a 


* B, grid bias and §, sensitivity settings of integrator. 


Proposed Procedure for Constant Narcosis 


A convenient procedure for adjusting the 
depth of narcosis to a desired level and main- 


1It is important to have all switches in the re- 
cording apparatus at the same standard settings in 
order to make results comparable between experiments. 
Neglect of this precaution can lead to serious dis- 
erepancies. For example, a change of gain in the 
preamplifier can be compensated by a change of gain 
in the power amplifier, but if the integrator is con- 
nected to the output of the preamplifier, there will 
be a discrepancy between outputs as measured by the 
integrator and inkwriter. 
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taining it so for the duration of an experiment 
would be as follows: the animal should re- 
ceive at the outset a standard i.p. dose of 
barbiturate (between 42 and 48 mg/kg. in 
the case of Nembutal). Electrodes should be 
connected with a reliable EEG recorder in 
which all adjustments are set at standard 
values, maintained constant thereafter. A 2- 
channel recorder would suffice. An _ inte- 
grating circuit containing the features de- 
scribed by Bickford (1950), as modified by 
Degelman (1956a), should be connected with 
one channel at the input of the power am- 
plifier and should be arranged to record pul- 
ses of energy by means of a signal magnet or 
through one of the regular channel inkwriters. 
The grid bias in the integrator should be ad- 
justed to cut off responses to waves below a 
voltage chosen as affording good correlation 
between ‘‘click’’ counts and b-w counts made 
according to a convenient standard. The cor- 
relation should be as nearly linear as possible. 

When recovery from the i.p. injection ap- 
proaches the point at which the integrator 
shows the maximum energy output, usually 
after about one hour, the sensitivity control 
can be adjusted to give a conveniently large 
number of ‘‘clicks’’ per minute, e.g. 100. This 
adjustment should then remain unchanged. 
Intravenous injection should then be made 
with an adjustable syringe drive until the 
desired level of narcosis is attained. If fairly 
deep narcosis is desired, this ean be reached 
quickly by starting the injection at 10 or 
12 mg/kg/hr. When the desired stage is at- 
tained, judged be EEG pattern and ‘‘click”’ 
count, the syringe drive is adjusted to hold 
the ‘‘click’’ frequency as nearly constant as 
possible. If the frequency remains steady, it 
will indicate a constant level of narcosis, pro- 
vided body temperature is kept constant, close 
to normal, and the cortical activity is not 
significantly disturbed by sensory stimuli. If 
stimuli are an essential part of the exper- 
iment, a quiet interval of 4 or 5 min. between 
periods of stimulation will probably suffice to 
afford an undisturbed EEG, in which ‘‘click’”’ 
counts can serve as a-check on the constancy 
of narcotic level. 


SUMMARY 


1. Depth of narcosis is an important va- 


557 


riable in the study of brain function. A 
quantitative scale for its measurement with 
means of regulation would be of value in 
physiology and clinical practice. 

2. In many cats under Nembutal, we have 
used electroencephalography, respiration, the 
flexion reflex and analysis of blood for drug 
concentration as standards of measurement. 


3. Starting with intraperitoneal injection 
of a standard dose of Nembutal, recovery was 
recorded. In a few eases, the initial surgery 
was done under ether and the EEG then re- 
corded induction of narcosis by the i.p. injec- 
tion. Thereafter narcosis was continued by 
intravenous injection, sometimes regulated by 
the Bickford feedback control, sometimes by 
an independent electric drive. 


4. The EEG proved the best indicator of 
the depth of narcosis. Two methods of EEG 
measurement were used: (1) the frequency 
of waves exceeding 14 of the maximum volt- 
age; (2) the electrical energy derived from 
the EKG, rectified and integrated by Bick- 
ford’s (1950) method. By proper choice of 
grid bias, the recorded energy could be made 
to correlate closely with the brain-wave count. 
As an absolute measure of narcosis, the brain- 
wave count appeared more reliable than the 
energy record. 


5. Blood analyses showed roughly the rate 
of disappearance of Nembutal after the 
standard i.p. dose (fig. 5). Brain-wave counts 
showed the corresponding recovery of func- 
tion (fig. 4). There was wide variation in 
the brain-wave counts in different animals, 
but the rate of recovery was fairly uniform. 


6. The dose rate of i.v. injection determin- 
ed the resulting depth of narcosis, which re- 
mained nearly constant for several hours if 
the rate was less than 6 mg/kg/hr. At higher 
rates, the narcosis grew progressively deeper 
(fig. 8). The failure to stabilize under these 
conditions suggests the loss of ability of the 
body to destroy the drug. Increasing COs, 
tension in the blood may augment narcosis, 
but in several experiments loss of ability to 
destroy the drug occurred without increase in 
COz tension. 

7. The influence of Nembutal was greatly 
affected by even small changes in body temp- 
erature (fig. 10). Therefore, accurate temp- 
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erature regulation is essential in the standard- 
ization of narcosis. 

8. The vigor of the flexion reflex in- 
dicated the depth of narcosis in the lighter 
stages but was imperfectly correlated with 
brain-wave activity and disappeared at a 
moderate depth of narcosis. Similarly, respir- 
atory rate was an insensitive measure of nar- 
COSIS. 

9. A single experiment on a monkey show- 
ed greater susceptibility to Nembutal than 
was found in eats, and in deep narcosis the 
EEG showed a different pattern from any 
found in eats. 

10. The approximate correlation of EEG, 
by brain-wave count and by integrated elec- 
trical energy, and of the flexion reflex with 
Nembutal concentration in the blood is shown 
in table I. 

11. A procedure for maintaining a desired 
level of narcosis, based on electrical-energy 
recording and independently-regulated Nem- 
butal injection, is proposed in the final sec- 
tion of the Discussion. 


We wish to acknowledge with gratitude the as- 
sistance of Mr. V. Sholund in the conduct of the 
experiments, of Mr. J. C. G. Loring and Miss Sarah 
Shaw in making brain-wave counts, and especially of 
Dr. Helen W. Deane, who did a major share of the 
work in preparing the paper for publication. 
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INTRODUCTION 


The mechanism of production of certain 
types of electrical activity of the brain is still 
a controversial matter. The origin of many 
characteristic electrographic patterns which 
can be observed under different experimental 
conditions, as well as the origin of many phy- 
siological or pathological rhythms which can 
be recorded in the human EKG are siill 
obscure. At the present stage of our knowl- 
edge, two facts seem to be well established ; 
(1) elements of the cerebral cortex are capable 
of ‘‘spontaneous’”’ electrical activity, and (2) 
afferent impulses from the periphery and 
from different subcortical centers are capable 


of modifying this activity and producing new 
types of electrographic patterns. Whether the 
cerebral cortex plays the role of a passive 
substrate in regard to this projected activity 
or whether it takes an active part (‘‘second- 
ary activation’’) and if so, to what extent, 
remains to be determined in each particular 


case. 

The problem of determining the origin of 
various spontaneous rhythms is of obvious 
theoretical interest. The correct interpreta- 
tion of a given pathological potential becomes, 
on the other hand, a matter of practical im- 
portance in the field of clinical EEG. 

In the course of a series of experiments 
designed to study the electrographical behav- 
ior of artificially produced cortical and sub- 
cortical epileptogenic foci, we had the oppor- 
tunity of making some interesting observa- 
tions on the modifications of a well known 
and characteristic electrographic pattern, 
commonly referred to as ‘‘barbiturate spin- 
dles’’. In view of the fact that these rhythms 
have been identified by some authors with 
the alpha rhythm of man (3, 5, 6, 25); in 
view of the existence of some suggestive rela- 


tionship between this activity and the re- 
sponses elicitable from the non-specific thala- 
mie system, and finally because of the well 
known, yet puzzling fact that sleep, and bar- 
biturate sleep in particular, can activate cer- 
tain types of epileptic discharges, it was felt 
worth while to investigate the phenomenon 
further. 

The purpose of this study is to determine 
some of the factors involved in the mechanism 
of production of barbiturate spindles by anal- 
yzing the modifications which these undergo 
following subcortical lesions of a certain type. 
These lesions were made with penicillin, an 
agent possessing well known epileptogenic 
qualities (1, 31, 49, 50). As this agent, when 
injected into the thalamus, proved capable 
of producing a picture of sporadic paroxysmal 
high voltage bursts of slow and sharp waves 
either unilaterally or bilaterally synchronous, 
the question of relationship to certain patho- 
logical human rhythms and to the so-called 
‘‘eentrencephalic epilepsy’’ (46, pages 28 and 
470) will be raised in the discussion of the 
findings. 

MATERIALS AND METHODS 

Adult eats were used in this study. 

A total of 60 useful animals was studied; of 
these 16 animals had penicillin (aqueous-Squibb) 
(1 « 106 units/ee.) injected by micrometric control 
into various portions of the thalamus and in amounts 
ranging from .0025 ce. to .015 ee. Six animais had 
isotonic saline in similar amounts deposited at the 
same sites to act as controls. 

In the remaining animals the drug was injected 
into various cortical loci, or (in a few) within the 
thalamus but in such an amount as not to allow 
precise localization and reliable interpretation. 

The results from this last relatively large series 
of experiments, although not reported in the present 
paper, provide an extremely useful control for the 
study of electrical activity of the brain at various 
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levels of anesthesia under different experimental 
conditions, and in addition provide the necessary 
baseline to compare the subcortical and cortical ef- 
fects of penicillin. 

In two animals, the middle suprasylvian gyrus 
was undercut and insulated from subcortical regions 
and the effects of this procedure on spindle forma- 
tion was studied. 


All animals were tracheotomized and placed in 
a stereotaxic apparatus. Anesthesia was maintained 
by intravenous Pentothal, given in small increments 
just sufficient to produce active 8-12 ¢/sec. spindle 
bursts. Occasionally, supplemental curare and arti- 
ficial respiration were employed. A few animals were 
initially anesthetized with ether and then maintained 
on curare and artificial respiration in order to study 
the effects of the thalamic lesion on the waking elec- 
trocorticogram. 

No significant changes in the EEG pattern were 
observed during or following slow curarization, and, 
therefore, the presence or absence of curare in a 
given preparation will be ignored in the presentation 
of results or in their discussion. 

A bilateral craniectomy was carried out, exposing 
both cerebral hemispheres to within 2 mm. of the 
midline, A right suboccipital craniectomy was made 
for introduction of the penicillin electrode. The ex- 


posed cortex was kept covered with warm mineral 


oil. The temperature of the animals was kept as 
constant as possible by means of a heating pad. 
Cortical recording was done through bipolar silver- 
ball electrodes with a 2-3 mm. interelectrode distance, 
mourted on the stereotaxic frame. Penicillin was 
introduced through a #22 spinal needle mounted on 
a stereotaxic carrier, introduced horizontally from 
behind. This needle was insulated down to the tip 
and was left in place at the site of the injection as 
a recording electrode. Thalamic recording was 
‘‘monopolar’’ in order to obtain maximal informa- 
tion from the single deep electrode. The same indif- 
ferent electrode (lower eyelid or metallic frame of 
the stereotaxic instrument) was used for ‘‘mono- 
polar’’ in cortical recording as well, for brief periods 
in each tracing. Placement of penicillin was deter- 
mined by preliminary stimulation, utilizing the re- 
eruiting response for the non-specific thalamic system, 
and the short latency evoked responses of specific 
projection nuclei (such as ventralis lateralis postero- 
lateralis, ventralis postero-medialis, and medial gen- 
iculate) for guidance. An additional guide for all 
placements was the Jasper and Ajmone Marsan (27) 
stereotaxic atlas of the cat, and the terminology as 
well as the abbreviations for the subcortical nuclei 
employed are those used by these authors. The 
posterior subtentorial horizontal route, rather than 
the transcortical vertical, was utilized for injection 
in all but a few cases because: 


(a) Even small amounts of penicillin tend to 
spread in a cylindrical shape parallel to the long 
axis of the needle, and for a distance of 2-3 mm. 
Injection from behind insured that the deposits would 
remain within certain fields such as the medial thal- 
amie nuclei, the intralaminar, the ventro-basal, ete. 

(b) Injection from behind also prevented back 
tracking into a transfixed lateral ventricle, when the 
electrode was introduced from above and the point 
lay in the subjacent thalamus. 

(c) It was more convenient for the placement 
and rearrangement of cortical electrodes. 

The penicillin and control saline injections were 
colored with cresyl violet to check on diffusion from 
the injected site. All placements were verified by 
frozen sections made of the whole brain at 50 microns 
and stained by the Nissl and Weil techniques. In 
addition, colored transparencies were made at the 
time of sectioning to evaluate the diffusion of the 
blue dye, as the particles could not be satisfactorily 
identified in stained sections. 


Stimulation was by use of square waves (.2-.8 
msec. in duration) generated by a Grass Model S4b 
stimulator. 


Frequency of stimulation was 5-8/sec. for the 
recruiting response, and single pulses for the specific 
potentials. Optimal voltage was between 2-8 V. at 
the output of a 4:1 isolation transformer (GR 578-A). 
Recording was carried out with an 8 channel type D3 
Offner Electroencephalograph with provision made 
for monitoring 2 channels at a time through a Dual 
Beam Type 322-A Dumont cathode-ray oscillograph. 
The time constant was generally kept at .1 sec., a 
value which proved satisfactory for recording of the 
spindle activity. However, various portions of the 
record were also taken with the maximal available 
time constant (.35 sec.). 


Continuous recording at different speeds was 
made for a minimum of 5 hours and usually from 
7-10 hours. Cortical electrodes were left in place 
during the major part of an experiment in order to 
better evaluate changes at a given point, and at the 
end, were rearranged for a more complete cortical 
survey. The gain of the amplifiers was usually set 
so as to get approximately 1.5 cm. pen deflection 
for an input of 250 wV. No absolute values of 
amplitude are given in the presentation of results or 
in the samples selected for illustration. It is our 
feeling that the relative differences in amplitude be- 
tween paroxysmal transients and the background 
activity in the same channel or between two different 
channels are far more significant and convincing than 
the absolute values (which, in addition, can be affect- 
ed by many non-biological factors). In any ease, 
in all the following illustrations, the gain is kept 
constant throughout the same experiment. 

At the termination of the experiment, both 
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carotids were intubated with polyethylene catheters, 
the animal sacrificed with an overdose of Pentothal 
and the brain perfused, first with normal saline and 
then with 10 per cent formalin in an overnight drip. 
On the following day the plane of section of the 
hardened brain was determined in the stereotaxic 
apparatus before removing it from the skull. This 
duplicated the frontal plane of the atlas and facil- 
itated identification of structures. 


RESULTS 


The results of injection of aqueous peni- 
cillin into the thalamus of the cat were an 


P  PROREVUS 


R ANT. SIGMOID 


R MIDDILE SUPRASYLVIAN | 


1... PROREUS 


1.. ANT ZIGMOID 


1. MIDDLE SUBRASYLVIAN 


A 


B. RALSTON and C. AJMONE-MARSAN 


spiking focus was finally produced but the 
spindling alterations antedated this, and were 
in no way dependent on its presence or 
absence. The alterations of the spindles were 
of two major types: 

(1) Slowing from 8-12 c/see. to 314-5 
e/sec. 

(2) Synchronization of spindle bursts. 

In 75 per cent of the cases, both were pres- 
ent, while in 15 per cent only slowing was 
encountered and in 10 per cent only synchro- 
nization. It is possible that with more exten- 
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Fig. 1 
A. Normal control record showing a tendency to transient spindle ‘‘synchronization’’. 
B.- Response to single shock stimulus of right nucleus centralis lateralis. 


The stimuli are indicated by arrows. 


The first stimulus triggers spindle formations in 


the right 3 leads only. Just prior to the second stimulus, spontaneous discharges have 


begun in the left cortical leads. 
spindles are again induced on the right side. 


These are unaffected by the second stimulus whereas 


The distribution of the ‘‘triggered’’ spindles is identical to the cortical areas from which 
abnormal discharges are obtained following penicillin. 


almost invariable alteration of the 8-12 ¢/sec. 
spindle activity present over various cortical 
areas, following intravenous Pentothal. This 
was true irrespective of the location of the 
penicillin within the dorsal thalamus, although 
as will later be shown, the distribution of the 
changes varied considerably, depending on 
the site of the lesion. The alteration was un- 
related to the amount of penicillin, being just 
as pronounced with the smallest injection 
(.0025 ec.) as with: the largest (.015 ec.). 
When the larger amounts were given (in 
increments of .0025 ee. every 15 min.), a 


sive cortical recording, a greater congruence 
would be present. 

Before discussing these changes in detail, 
it may be of value to see how they might apply 
to a typical experiment. 

RAM ¢ 33. Preliminary cortical recording 
was carried out which showed asynchronous 
spindling in all leads. The penicillin electrode 
was first used for electrical stimulation. It 
was introduced on the right from behind and 
slowly advanced until a recruiting response 
was obtained (parameters of stimulation: 6 V., 
6 ¢/see., pulse duration .2 msee.). This was 


THALAMIC CONTROL OF CORTICAL RHYTHMS 


predominately in the right proreus and the 
right anterior sigmoid gyri. Single stimuli 
resulted in the triggering of 8-12 ¢/sec. spin- 
dles in these same areas and in the right 
middle suprasylvian region (fig. 1). Subse- 
quent histological examination showed the 
electrode tip to be in right n. centralis lJate- 
ralis about 2 mm. from the midline. The lesion 
produced in the same area by the injection of 
.0025 ee. of aqueous penicillin (1 x 106 


units/ee.) colored blue with cresyl violet is 
seen from the prints made from colored trans- 
parencies, taken as frozen sections were being 
made (fig. 2). This appears as a small dark 


Fig. 2 

Photographs were taken during the preparation 
of frozen sections of the whole brain for micro- 
scopic study. The extent of the penicillin lesion 
is indicated by the dark color which is due to the 
addition of cresyl violet prior to injection. This 
method was routinely employed as an additional 
check on the diffusion of the penicillin. It in- 
dicates the relative discreteness that may be ob- 
tained with small amounts of penicillin (.0025 ee.). 
The F number on the ecard indieates distance in 
mm. in front of the interaural plane. 


563 


area located in the right thalamus, about 2 mm. 
from the midline and extending over 4 mm. 
antero-posteriorly. Figure 3 shows the same 
lesion as reconstructed from the microscopic 
sections. It is seen to extend through nuclei 
anteromedialis, centralis lateralis and medialis 
dorsalis. There is no involvement of the nuclei 
of the midline or of the primary sensory relay 
nuclei. Most of the lesion lies within those 
nuclei designated as the non-specific thalamic 
system, and from which a recruiting response 
may be obtained. A part of the medialis dor- 
salis is also included in this system. 


Following the injection of penicillin, con- 
tinuous recordings were made both from the 
cortex and from the thalamic site of injection 
(n. centralis lateralis) (fig. 4). Within 25 
min. the spindles of the right proreus, anterior 
sigmoid and middle suprasylvian gyri had 
become synchronized and their frequency 
slowed to about 8 c/sec. These changes were 
not present in the right posterior suprasylvian 
area nor in any of the left sided leads. Ten 
minutes later, the slowing had progressed to 
5-6 e/see. The spindle had ‘‘spread out’’, 
being about 114 times in length and had in- 
ereased about 14 in voltage. Within 45 min. 
the frequency of the right sided anterior leads 
had dropped to 4-5 c/see. and they had be- 
come relatively synchronous with bursts of 
slow waves of 3 ¢/sec. in the thalamus. Within 
one hour after the injection, spike components 
were seen within the altered spindle bursts 
only, appearing on the rising phase of the 
wave and bearing a suggestive resemblance to 
the 3/see. ‘‘ wave and spike’’ complex. At this 
time, recording from ipsilateral middle ecto- 
sylvian, middle lateralis and posterior supra- 
sylvian disclosed bursts synchronous with the 
anterior and thalamic leads. When the spikes 
were large and occurred at the beginning of 
the altered spindle, they tended to synchronize 
the activity even more sharply. It is of inter- 
est to note that the anterior leads (proreus 
and anterior sigmoid), tended to discharge 
first, this being reminiscent of the~-results 
obtained by single shock stimuli to the same 
region of the thalamus (25). Following this, 
a Metrazol activation was carried out and the 
electrographie seizure thus elicited showed 
its onset in the thalamus. 
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This case illustrates the gradual evolution 
from the normal 8-12 c/sec. spindle activity 
to the 4-5 e/sec. bursts. In this case it is 
associated with increased voltage and prolon- 
gation of the spindle. It also shows progres- 
sive synchrony, beginning anteriorly and 
spreading posteriorly on the right, all of these 
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The early distribution of the discharges 
is also similar to that of the recruiting re- 
sponses and of the response to single shocks 
which were obtained from the same thalamic 
region prior to the injection of penicillin. 

With this illustrative case before us, the 
various individual phenomena can be further 
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Fig. 3 
Reconstruction of the penicillin lesion from Nissl and Weil stains. The 
arrows indicate the position of the recording (and stimulating) electrode. 
The lesion is seen to involve antero-medialis, centralis lateralis, and part 
of medialis dorsalis nuclei of the thalamus. 


phenomena taking place in association with 
a right sided thalamic lesion. In this case 
there is later intermittent spiking, occurring 
during the burst activity and creating a 
‘‘wave and spike’’ appearance in the thala- 
mus. This delayed spiking and the specific 
Metrazol activation suggest the ‘‘epilepto- 
genicity’’ of the penicillin lesion. 


examined with reference to the series as a 
whole. 


1. MODIFICATIONS OF THE SPINDLE 


Intrinsic frequency. Slowing of the intrin- 
sic frequency of the spindle occurred in all 
the animals but one. The slowing would take 
place progressively and would often reach the 
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value of 3-5 c/sec. (fig. 5). One animal the lesion where it was present in all the leads 
showed only a drop from 12 to 8 c/see. This and was associated with a widespread hemi- 
would not ordinarily be considered of signif- spheral synchronization, it might be included 
icance, but since it occurred ipsilaterally to among the positive results. 
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Fig. 4 

(1) 25 min. following the injection of penicillin in right CL (see fig. 2 and 3). 
See control in figure 1. 
The right sided spindles have increased in voltage and slowed to about 8 ¢/see. Although 
there was a very occasional tendency of the right sided leads anteriorly to synchronize 
before penicillin, a permanent synchrony is now established. A normal left sided spindle 
is present. 
45 min. following injection of penicillin. 
The frequency of the right sided spindles has decreased to 4-5 e/sec. Left sided spindle 
frequency is unchanged. There are now synchronous slow waves in the thalamus. 
60 min. following injection of penicillin. 
(Note that all leads are now from the right side and the order is changed). There is 
high voltage slow activity appearing in bursts from the whole hemisphere, appearing 
first in anterior regions. Sharp waves are now occasionally superimposed upon the burst. 


A few minutes after 3. 

This record again shows the presence of widespread synchronous bursts appearing from 
a relatively normal background. More spiking is evident and in the thalamus particularly, 
a pattern suggestive of ‘‘spike and wave’’ has been established. 
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Duration. Generally, the length of the 
altered spindle was prolonged to almost twice 
that of its original form (fig. 5) and of the 
control (non-involved) spindles. The length 
of a normal spindle tended to vary somewhat 
in the same lead, while the duration of the 
altered spindle was much more constant. 

Amplitude. The majority of the slowed 
spindles showed an amplitude about 114 times 
greater than their original form and that of 
non-involved spindles (fig. 1 and 4). Some- 
times, although the maximal amplitude was 
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msec. in duration (this is in contrast to the 
general effect observed with high doses of 
barbiturates where the deteriorated spindle 
is composed of sharp waves separated by a 
flat base line). The difference between abnor- 
mal and normal spindles’can be most advan- 
tageously seen at very slow paper speed. In 
the normal, the greater frequency and irregu- 
larity of the waves gives the spindle the 
appearance of a thick fused bar near the 
isoelectric line from which spike-like waves 
emanate at intervals, whereas the altered 
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Fig. 5 
Example of modifications from a ‘‘normal’’ spindle to a ‘‘ deteriorated’’ 
one at different time intervals after thalamic injection of penicillin. 
Note progressive slowing of intrinsic frequency and increase in the total 


duration of the spindle. 


no greater than that of the ‘‘peak’’ of the 
normal spindle, a much larger number of the 
waves of the altered spindle, would reach this 
value (fig. 7). In a certain number of eases, 


however, no significant increase of voltage 
was noted. 
Shape. The shape of the normal spindle is 


characterized by a series of irregular waves, 
some large and ‘‘spike-like’’ and _ others 
smaller and sometimes more rapid. These 
tend to intermingle. On the contrary, the 


altered spindle approaches a sinusoidal form 
which rises to a peak and falls uniformly, the 
individual waves averaging from 200-330 


>? 


spindle has no such ‘‘bar’’ and can be ‘‘seen 
through’’ at all points (fig. 7, 11). 

Frequency of repetition. The number of 
spindles per minute is usually decreased in 
those leads which show altered spindles (fig. 
7-11). 

Background activity. The interspindle 
activity frequently shows an_ irregularly 
rhythmical slowing down to 3 ¢/sec. waves 
of low amplitude which tends to be more prom- 
inent in the vicinity of the spindles and seems 
to be independent of the amount of penicillin 
used in producing the lesion (fig. 5, 7, 11). 

Relation to recruiting response. Generally, 
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the localization of slow spindling would ecor- 
respond to that of the recruiting responses 
or of the triggering of single spindles by single 
shocks stimulation (fig. 1, 4). If these were 
bilateral, the effect would be bilateral, and 
if unilateral, the effect would be unilateral. 
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the usual 8-12 ¢/sec. activity but spindles at 
the new frequency (fig. 14). If, in addition 
to slowing, spike activity was present in the 
thalamus following penicillin injection,. it, 
too, could ‘‘trigger’’ (and synchronize) the 
altered spindles (fig. 13-15). 
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Fig. 6 
Outline of the penicillin lesion based on microscopic sections. The arrows 
indicate the site of the recording electrode. 


The anteroposterior distribution in the hemi- 
sphere also coincided. In eases in which single 
shock stimulation with spindle triggering was 
tested both before and after the establishment 
of slowed spindles, the latter would evoke not 


2. SYNCHRONIZATION 


By synchrony is not necessarily meant a 
one to one temporal relationship of each of the 
waves within the different spindles (although 
this can occur), but the simultaneous appear- 
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ance and constant co-existence of the spindles 
over two or more areas of one or both hemi- 
spheres. As defined, the presence of syn- 
chrony was sought for in all of the 60 electro- 
corticograms in which the conditions of anes- 
thesia were as described (Materials and 
Methods) and prior to the application of peni- 
eillin. Although persistent synchrony might 
be observed between 2 areas closely related, 
as the anterior and posterior sigmoid gyri for 
instance (and this might be biological or sim- 
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cent of the animals with penicillin lesions. 
The topography of the cortical synchroniza- 
tion depends on the location of the thalamic 
lesion and will be discussed in the next section. 


THE RELATIONSHIP OF THE SPINDLING ALTERATIONS 
AND SYNCHRONIZATION TO THE LOCATION 
OF THE LESION 


Because, as illustrated above, the peni- 
cillin never remains restricted to a single 
nucleus but tends to spread anteroposteriorly 
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A. Control record. 


B. Record 1 hour and 15 min. after the injection of penicillin (see fig. 6). 
The record remains asynchronous but marked slowing has developed in the left proreus 


lead, giving the ‘‘clear’’ appearance described in the text. 


The more regular form of 


the spindle waves, the increase of the length of the spindle and its generally higher 


voltage is noted. 
C. Record 2 h. after the injection of penicillin. 


The same process starts now to involve the right proreus. Note also the regular slowing 


of the background in the two involved leads. 


ply due to electrode proximity), no persistent 
synchrony was seen between the activities of 
the anterior, middle and posterior portions of 
one hemisphere. This was equally true in 
comparing side to side. For brief periods large 
areas would appear to be synchronous but 
this was very transitory. From this it was 
felt that the observation of a persistent uni- 
lateral or bilateral synchrony was of signif- 
icance with reference to the lesions produced. 
Persistent synchrony was present in 85 per 


and to diffuse laterally to a certain extent, it 
is more in keeping with the facts to speak in 
terms of subdivisions in areas rather than in 
nuclei, and to indicate by representative 
illustrations the various nuclei that are in- 
volved to a varying degree in each region. 
Towards this end, the following divisions have 
been made. 


1 For the relative involvement of each thalamic 
nucleus in different experiments, see table I. 


(a) Leston in the massa intermedia (fig. 6-7). 

Minimal midline lesion produced slowing 
of the spindles of both prorei only without 
synchronization. 


(b) Lesion just lateral to the midline but 

impinging on it (fig. 8-9). 

All records were characterized by slowing 
and synchrony in the anterior regions, first 
ipsilateral to the site.of penicillin injection 
and, later on, bilateral. 


(c) Lesion restricted to the internal medul- 
lary lamina of one side (fig. 1, 2, 3, 4). 
The effects of such lesions were discussed 

in detail in the description of experiment 

RAM # 33. Large midline lesions extending 

2.5 mm. from the midline resulted in synchro- 

ny in all leads. 


(d) Lesion in the specific primary relay 

nucler (fig. 10-11). 

The records were all characterized by 
slowing and synchrony of the spindles over 
the anterior two-thirds or in all the leads of 
the hemisphere homolateral to the site of the 
penicillin lesion. 


(e) Lesion in the dorsolateral thalamus 

(fig. 12-13). 

The records were characterized by spindle 
slowing in the homolateral middle suprasyl- 
vian gyrus with no involvement of the ante- 
rior regions where spindles of normal con- 
figuration and frequency persisted. 


Comment on the topography of the 
spindling alteration. 


These findings seem to indicate a pattern 
whereby the anterior cortical areas are rep- 
resented most mesially in the thalamus. A 
midline lesion may activate each side sep- 
arately or synchronously. A lesion just ec- 
centric to the midline involves its homologous 
cortex first and then, possibly as the lesion 
enlarges, may involve the other side. Further 
laterally, an entirely ipsilateral effect is ob- 
tained which may involve the whole hem- 
isphere. This seems to be true of lesions still 
further laterally with maximal involvement 
of the specific afferent systems but which do, 
however, infringe on their periphery in the 
non-specific system (nuclei suprageniculatus 
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and centralis lateralis). A lesion further dor- 
solateral in the thalamus no longer involves 
frontal cortical regions. 


THE EFFECT OF THALAMIC PENICILLIN LESIONS ON 


THE ELECTROCORTICOGRAM OF THE 
Non-ANESTHETIZED ANIMAL 


In several animals initially anesthetized 
with ether and thereafter maintained on 
curare and local anesthesia, penicillin was in- 
troduced into thalamic regions similar to 
those described above. Although the electro- 
graphic pattern prior to this procedure was 
that of an aroused animal and showed no 
spindle activity, large bursts of slow waves 
indistinguishable from the altered barbiturate 
spindles appeared in the ipsilateral hem- 
isphere 30 to 60 min. after injection. Later 
on, Pentothal was administered in the same 
preparation. This would induce normal spind- 
ling in the hemisphere contralateral to the le- 
sion and enhance the slow ‘‘deteriorated’’ 
bursts on the ipsilateral side: no normal bar 
biturate spindles would appear in the ipsi- 
lateral affected areas. 


THE Errect or LOCAL CoRTICAL UNDERCUTTING ON 
THE BARBITURATE SPINDLES 


Undercutting of a cortical area, which 
prior to this procedure had shown active bar- 
biturate spindling, resulted in a general fall 
in voltage in the activity of partially isolated 
area. However, the action was dispropor- 
tionate in that the rapid, low voltage inter- 
spindle activity persisted only slightly altered 
in shape and frequency while the much higher 
voltage barbiturate spindles totally disap- 
peared. Additional increments of barbiturate 
enhanced spindling generally but did not af- 
fect the isolated area. Following the local ap- 
plication of acetylcholine in this same region, 
a small amount of low voltage rhythmical ac- 
tivity could be induced, but this effect was 
rather transitory. 


CONTROLS 


A few experiments were divised in order 
to determine whether the above-described ef- 
fects upon spindling activity were dependent 
upon a specific type of thalamic injury, and 
therefore directly related to the penicillin 
(even though in sub-convulsive doses), or 
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whether the effects were the result of a 
purely mechanical, destructive lesion of the 
thalamus. 

Injection of similar amounts of isotonic 
saline into various mesial and lateral thalamic 
areas under the usual experimental conditions 
constantly failed to induce any significant 
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DISCUSSION 
From the data presented, it has been 
shown that the introduction of small quan- 
tities of penicillin into the thalamus results 
in alteration of the 8-12 c/sec. barbiturate 
spindle, with or without spiking activity and 
with a tendency toward synchronization. The 
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Fig 
Position of the lesion based on microscopic sections. The arrow indicates 
the site of the recording electrode. The penicillin lies slightly more to the 
right of the midline in the more anterior sections. 


change in the organization, frequency, mor- 
phology or amplitude of the pre-existing 
spindle activity. Only occasionally, towards 
the end of a long experiment one could ob- 
serve a diffuse generalized slowing of mod- 
erate degree of the intrinsic frequency of the 
spindles. 


.8 


cortical topographic distribution of these 
changes has been shown to be related, to a 
certain extent, to the location of the thalamic 
injection and the resulting ‘‘lesion’’. The 
interpretation and _ significance of these 
changes will be discussed from the following 
points of view. 
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1. Origin of the ‘‘barbiturate spindle’’. 
From a survey of the literature on the 
subject, it would appear that there are at 
least two basically different viewpoints con- 
cerning the genesis of the 8-12 ¢/sec. cortical 


activity. 
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One school of thought, represented pri- 
marily by Bremer (3, 5), maintains that these 
cortical rhythms are ‘‘autonomous’’, and that 
the main function of the thalamus is to pro- 
vide a non-specific ‘‘tonus cortical’’, which 
would create the dynamogenic conditions ne- 
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Fig. 9 


A. Record made 20 min. after the injection of penicillin (see fig. 8). 
There is an independent synchrony over the anterior portions of both cerebral hemispheres 


with spindling of normal frequency. 
B. Record 1 h. after penicillin. 


Considerable slowing in both anterior right sided leads. 


C. Record 4h. and 15 min. after,penicillin. 
Slowing of the spindles has continued on 
regions. The synchrony is unchanged. 


the right side and now involves the left anterior 
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cessary for this autonomy to express itself. 
These conclusions are drawn mainly from 
studies with isolated cortex (2). 

The second school places the origin of 
these rhythms within the thalamus or other 
related basal structures. The great similarity 
between the spontaneous barbiturate spindles 
and the recruiting response, elicitable with 
electrical stimulation of certain thalamic re- 
gions has been stressed by Morison and Demp- 
sey (10, 11, 40, 41) and re-emphasized by 
other investigators (25, 26). The presence 
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spontaneous rhythms present in the cortex 
and, particularly, in a slab of cortex isolated 
from other cortical and subcortical influences. 

The present method of introducing small 
quantities of penicillin into more or less dis- 
crete portions of the thalamus, permits a 
study of the spindle activity in an intact 
preparation with relative integrity of thalamo- 
cortical projection systems. This integrity 
may be further confirmed toward the end 
of an experiment by electrical stimulation 
through the thalamic electrode left in sit. 
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Fig. 10 
Reconstruction of the lesion from microscopic sections showing its primary position in 
nucleus ventralis lateralis and ventralis posteromedialis but adjacent at its periphery to 
reticularis and (not shown) centre median and centralis lateralis. 


of barbiturate spindles in the thalamus of de- 
corticated animals has been reported (39, 42). 

While we accept as established the fact 
may give rise to some type of rhythmical ac- 
tivity (2, 13, 14 20, 35), whose frequency and 
morphology may be suggestively similar to 
that which forms the object of our present 
investigation, we also feel that the attenuated, 
sporadic activity observable under such un- 
physiological conditions bears but little rela- 
tionship to the 8-12 ¢/see. spindle. Without 
being willing to diminish the significance of 
Bremer’s theory on the genesis of the ‘‘spon- 


taneous’’ intrinsie activity of the cortex, 
we hesitate (at least until more convincing 
evidence is provided), to indentify the char- 
acteristic, well defined spindle activity ap- 
pearing during barbiturate sleep, with the 


With this method it was possible to produce 
definite changes in the intrinsic frequency 
and in the morphology of the barbiturate 
spindles and in their synchronization: these 
changes would be obtained after passing 
through various intermediate stages, as pre- 
viously described. 

A likely interpretation of these findings 
seems to be that, far from playing a ‘‘pas- 
sive’’ role in the genesis of this particular 
type of rhythmical activity, the thalamus is 
capable, at least under certain experimental 
conditions, of markedly modifying it in re- 
gard to shape, frequency, voltage and or- 
ganization. Thus the hypothesis is confirmed 
that the chief anatomical substrate for the 
mechanism of the barbiturate spindles is like- 
ly to be located in subcortical structures, pos- 
sibly in the thalamus (7, 37, 39, 42). From 
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Fig. 11 
A. Control record. 
This record shows asynchronous spindling of normal frequency in all leads. 
B. Record 1 h. after injection of penicillin (see fig. 10). 


There is slowing and synchronization of all leads on the right side and in the thalamus. 
Asynchronous spindling still persists on the left. 


C. Record 2 h. after penicillin. 
Further slowing in all right sided leads and the thalamus. Note the greater length of 


the spindles, the greater uniformity of their waves and the regular slowing of the back- 
ground in channel 1, in the vicinity of the altered spindle. 
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there, they are ‘‘projected’’ to the cerebral 
cortex whose neurons would therefore be only 
secondarily activated. 


2. Relationship between the changes of the 
barbiturate spindle, the thalamic ‘‘non- 
specific system’? and the ‘‘arousal sys- 
tem’’, 


The evidence presented by Morison and 
Dempsey, and later by others, to indicate that 
a strict analogy exists between the 8-12 ¢/sec. 
activity occurring in the barbiturate prepa- 
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trically placed lesions affect first the ipsila- 
teral then the contralateral anterior regions 
(bilateral synchrony). Further lateral lesions 
affect predominantly the whole ipsilateral 
hemisphere (and therefore larger midline le- 
sions will affect both hemispheres in a gen- 
eralized way). Lesions placed in primary re- 
lay nuclei (such as n. ventralis postero- 
lateralis) also give a generalized response, 
however, the periphery of these lesions in- 
elude n. centralis lateralis, suprageniculatus 
and reticularis and therefore the delayed 
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Fig. 12 
This lesion is the only one in the series in which penicillin was introduced from above (in 
order to reach the dorsolateral thalamus which is inaccessible by the posterior route without 
destruction of the bony tentorium). The dark line indicates the placement of the electrode. 


ration and their ‘‘recruiting response’’ is very 
suggestive and convincing. 

As the 3.5-5 ¢/see. spindles elicited with 
penicillin lesions in the thalamus clearly ap- 
pear to be derivations from the 8-12 ¢/sec. 
activity, it is reasonable to assume that their 
thalamo-cortical spread occurs via the thala- 
mie non-specific system. The following find- 
ings tend to confirm this impression: 

(a) the spindle slowing tends to develop 
in those leads in which a single shock stim- 
ulus triggers the 8-12 ¢/see. activity; 

(b) the distribution of the spindle slowing 
and synchronization falls into a pattern which 
has been described in the preceding section of 
Results. 

Briefly, midline lesions tend to affect both 
anterior hemispheric regions. Slightly eccen- 


onset of changes in this case (90 min. versus 
30 min. for paramidline lesions) suggests a 
probable diffusion of penicillin into these.nu- 
elei belonging to the non-specific system. 
Dorsolateral lesions tend to spare the cortical 
anterior areas. This distribution is very 
similar to that described for the topographical 
arrangement of the thalamic non-specific sys- 
tem (18, 25, 29); 

(c) whereas single shock stimuli in the 
thalamus tend to trigger normal spindles at 
the onset of an experiment, stimulation at the 
same point after penicillin-induced slowing of 
the spindles will trigger the new slowed re- 
sponses (fig. 14) ; 

(d) the synchronization which develops as 
a result of the penicillin effect, includes pre- 
dominantly the slowed spindles and cor- 


responds to the synchronous spindle trigger- 
ing produced by single shocks. 

These findings in aggregate suggest that 
the synchronization effects as well as the slow- 
ing of the spindles occur through the thalamic 
non-specific system. 

Magoun and associates (38, 44) have shown 
that stimulation of an area in the upper 
mesencephalic tegmentum or basal dienceph- 
alon will abolish barbiturate spindles ; destruc- 
tion of this area in a waking animal will, on 
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A. Normal control record. 


B. Presence of high voltage slow spindle in the right middle suprasylvian area with no changes 


in the anterior portions of the hemisphere. 


Note the presence of sporadic spikes in the thalamic lead. 


(For penicillin lesion see fig. 12). 


the contrary, induce a rhythmical activity of 
a type very similar to these spindles while 
large lesions of the thalamus will again abolish 
the spindles. They interpret these findings as 
indication of the existence of an ‘‘arousal’’ 
system, extending up in the upper midbrain, 
which, when active, can de-synchronize the 
cortical activity therefore interfering with the 
spindle formation, while, when inhibited or 
destroyed, will permit spindling to occur in 
certain regions of thalamus and cortex. Ev- 
idence for a subcortical, extrathalamic origin 
of the barbiturate spindles (45) has not been 
confirmed. 

Although such massive lesions of the me- 
sencephalic tegmentum and basal dienceph- 
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alon result in cortical spindling and these 
spindles may occasionally be synchronized, 
their intrinsic frequency remains fairly high. 
Furthermore it must be noted that most of 
these basal lesions are very extensive and 
usually encroach upon the mesial thalamus. 

In the present series of experiments, the 
slow rhythmical ‘‘bursts’’ elicited in the non- 
barbiturate preparation by penicillin lesions 
in the thalamus have been shown to be iden- 
tical to the ‘‘deteriorated’’ spindles elicitable 
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in the barbiturate preparation by similar pro- 
cedures. Therefore, the production of slow 
rhythmical activity “1 the non-barbiturate pre- 
paration cannot be purely explained as the 
result of a more or less local elimination of 
arousal influences; in fact, it also and chiefly 
occurs in a preparation in which thesé in- 
fluences have been already markedly depress- 
ed (barbiturate). In addition, this effect 
cannot be explained as the result of a purely 
destructive lesion, as such a lesion is known to 
produce irregular delta or flattening of the 
cortical activity (12, 17, 28, 32, 33, 38). 
From what precedes, and also considering that 
the size of the thalamic penicillin lesion ne- 
cessary to produce local or ipsilateral spindles 
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may be surprisingly small, it would seem lo- 
gical to conclude that these slowed bursts ap- 
pearing in an otherwise alert animal, do not 
require inactivation of the arousal system as 
an explanation of the mechanism of their 
production. 


3. Experimental findings and human cortical 
rhythms. 
At the beginning of the discussion, it was 
stated that the 8-12 c/sec. barbiturate spindles 
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The slowing of the spindles to 3.5-5 ¢/see. 
obtained under the present experimental con- 
ditions, brings them into that range of the 
human rhythms generally described as rhyth- 
mical theta and rhythmical delta. These, in 
view of their particular topographieal distri- 
bution and physiological behavior appear to 
be well defined electrographic entities, very 
unlikely related to the alpha activity (8, 15, 
36, 51). There are several reasons, other than 
frequency identity, which may indicate that 
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A. Normal control record. 


B. Response to single shock stimuli (arrow) in the right thalamus close to the midline (same 
placement as for penicillin lesion but before the injection). 
Note the triggering of activity identical with the normal spindles on the whole right 


side and anteriorly on the left. 


C. Response to shock stimuli 5 h. after application of penicillin in nuclei centralis medialis, 


paramedialis and submedius. 


Although single shocks fail to elicit a response, triple shocks now trigger spindles whose 
shape and frequency now conform to the altered spindles produced by the penicillin. 


cannot be identified with the ‘‘spontaneous 
cortical activity’’. It is also safe to state that 
any comparison between barbiturate spindles 
and the human ‘‘alpha’’ rhythm would meet 
similar if not more serious objections. There 
seems instead’ to be a somewhat closer rela- 
tionship between barbiturate spindles elicit- 
able in cat and the 11-14 ¢/see. spindles seen 
in man during certain stages of spontaneous 
sleep (7, 21, 22). 


this 3.3-5 e/see. spindle could be considered 
analogous to these abnormal human _ poten- 
tials: 

(a) both tend to appear in fusiform bursts 
of amplitude higher than the background ; 

(b) both tend to appear maximally in 
similar cortical regions ; 

(c) both show a great tendeney to syn- 
ehronize. If the lesion is at the midline, the 
synehrony is bilateral; if the lesion is lateral. 
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Fig. 15 


A. Record 50 min. after penicillin (same lesion as in fig. 14). 
Marked spindle slowing, increase in voltage and uniformity of waves in right anterior 
leads (the slow sway of the base line in various channels is due to a defective power 


supply). 
B. Reeord 1% h. after penicillin, 
Slowing and synchronization confined to the right anterior leads. 


C. Record 4% h. after penicillin. 
The spindle slowing has now extended to the opposite hemisphere but still involves anterior 
regions more strongly. There is now greater synchronization of the whole record and 
rare superimposed spiking. 


ID. Reeord shortly thereafter. 
Showing inerease in spiking, in cortex and thalamus, superimposed upon the markedly 
slowed spindles, and a greater degree of synchronization, (Note different paper speed 
in TB). 
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the synchronization is ipsilateral to the lesion 
(the same is true of the distribution of the 
deteriorated spindles and of the human pa- 
thological rhythms) ; 

(d) in one ease the lesion is thalamic while 
in the other it is definitely subcortical and 
strongly presumed to be also thalamic. 

By carrying these speculative considera- 
tions further, we might add that if the 8-12 
e/sec. activity of the barbiturate preparation 
is analogous to the human sleep 11-14 ¢/see. 
spindles, and if the 3.5-5 ¢/sec., ‘‘deteriorat- 
ed’’ spindles of the same preparation after 
penicillin are related to certain rhythmical 
pathological potentials in man, then some re- 
lationships between human sleep spindles and 
paroxysmal theta and delta might be predict- 
ed. In fact: 

(a) one is always and the others very often 
associated with impaired consciousness ; 

(b) both have a similar topographical dis- 
tribution (maximal fronto-centro-temporal) ; 

(c) both have a tendency to appear in 
paroxysmal bursts. 

If these pathological rhythms were derived 
by change from sleep spindles, then a reci- 
procal relationship might also be expected 
(1.e., when one is found the other is absent). 
In their study on subcortical lesions, Jasper 
and Van Buren (30) found that in 9 cases 
showing during sleep 11-14 ¢/sec. spindles, 
the lesions were all extrathalamic, predo- 
minantly in the region of hypothalamus or 
midbrain. On the other hand, in 3 cases with 
impaired consciousness associated with thal- 
amic lesions, sleep spindles were absent. In 
other cases the spindles were reduced ipsilater- 
al.to unilateral thalamic lesions or to lesions 
involving thalamo-cortical projection fibers 
(similar findings were also reported by others 
(19) ). This suggested to them that sleep spin- 
dles were of thalamic origin and that subcorti- 
eal lesions most likely to ‘‘spare’’ them involv- 
ed hypothalamus or midbrain. Contrariwise, 
bilateral synchronous and symmetrical theta 
rhythm, usually maximum in fronto-temporal 
or fronto-central areas, was found in 12 of 
17 cases with tumors involving the floor of 
the III ventricle or hypothalamus (one addi- 
tional tumor of the septum pellucidum and 
fornix compressed the thalamus from above). 
As the lateral distance from this region in- 
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creases, the cortical activity becomes asym- 
metrical and asynchronous on the two hem- 
ispheres. Thalamic lesions may produce an 
asymmetrical theta (most prominent ipsila- 
terally). 

These results tend to confirm those of 
Walter (51) and are also substantiated by 
more recent evidence (15). 

The echnical findings, therefore, suggest 
that sleep spindles are seen in extrathalamic 
lesions and are absent in large thalamic le- 
sions. They also indicate that paroxysmal, 
synchronous delta or theta rhythms are pro- 
minent in lesions which encroach upon but 
which do not massively destroy the thalamus. 
The topographical distribution of the lesions 
and the observed pathological rhythms rough- 
ly parallel the distribution of the penicillin 
lesions and that of the altered spindles. 

If the above interpretation and analogies 
are correct, then the hypothesis may be of- 
fered that the same neuronal aggregates 
responsible for the human sleep spindles 
ean give rise to paroxysmal delta or theta 
rhythms under certain pathological condi- 
tions. The evidence suggests that these neu- 
rons are very likely within the thalamus. 


4. Experimental findings and ‘‘centrenceph- 
alic’’ epilepsy. 

The well known EEG picture of cen- 
trencephalic epilepsy is characterized by wide- 
spread, bilaterally synchronous, 3/sec. ‘‘ wave 
and spike’’ discharges. It is of common ob- 
servation that the most constant component 
of this complex is the regular high voltage 
slow wave, while the spike is highly variable 
and may actually disappear for a time during 
the ‘‘seizure’’. This fact has been particu- 
larly emphasized by Jasper (46, p. 590). 
Spikes may be present in some areas and only 
slow waves in others. This classical pattern 
forms a relatively small proportion of the 
total epilepsies. There is perhaps a somewhat 
larger group which also has characteristic elec- 
trographic features suggesting a more or less 
exclusive involvement of the centrencephalic 
system. In this group there are also parox- 
ysmal bursts of high voltage slow waves aris- 
ing from a moderately abnormal background 
and these are associated with spiking. How- 
ever, the frequency of the discharges is less 


well organized and, as a rule, slower; the syn- 
chrony less clearly defined, the spiking more 
irregular and the asymmetries in amplitude 
fairly common. In such cases, the pattern of 
the clinical seizures may also be of a much 
varied nature than in the cases of epilepsy 
characterized by classical 3/sec. wave-and- 
spike complexes, and in many cases a definite 
etiopathogenetic factor can also be inferred 
or demonstrated. We commonly refer to this 
last group as that of ‘‘atypical centrencephalic 
seizures’’. 


Our knowledge of cortical epileptogenic 
lesions, either clinical or experimental, indi- 
eates that they are seldom accompanied by 
such an electrographic picture as above de- 
scribed. The epileptiform abnormalities may 
assume various, well known patterns but there 
is no indication of paroxysmal bursts of rhyth- 
mieal activity or of widespread synchroniza- 
tion, except maybe in cases of extensive cor- 
tical (cystic) lesions (46, p. 616) in which a 
massive hemispheral pathology is very likely 
(and in such cases the synchronization is 
chiefly unilateral), and in some rare cases of 
parasagittal involvement (46, p. 606, 48). 


Jasper and Droogleever-Fortuyn (28) 
were able to produce bilateral or unilateral 
synchronous slow waves of 2-300 msec. dura- 
tion, by stimulation of certain regions of the 
thalamic non-specific system at or adjacent to 
the midline. These appeared best at a stim- 
ulation frequency of 3 ¢/sec. and were occa- 
sionally combined with a more rapid response 
to form a complex similar to the ‘‘wave-and- 
spike’’ of centrencephalic epilepsy. These 
findings suggested to the authors that a small 
subeortical pacemaker could account for the 
generalized cortical epileptic discharge which 
characterizes this form of epilepsy. They were, 
however, unable to obtain a selfsustained dis- 
charge following the period of electrical stim- 
ulation and the frequency characteristics of 
the recorded cortical rhythms were clearly 
dependent upon the rate of stimulation and 
could be altered by changing the same. More 
recently (24) similar experiments were re- 
peated, some of the results were confirmed 
but in view of ‘‘many discrepancies’’ in re- 
gard to form, symmetry, cortical distribution, 
ete. of the evoked potentials, it was concluded 
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against the theory of a brain stem ‘‘pace- 
maker’’ to explain the electrographic picture 
of human petit mal seizures. To date, no 
epileptogenic lesion has been experimentally 
produced which could elicit a convincing 
EEG petit mal pattern. 


In the present series of experiments, the 
introduction of penicillin into the thalamus 
(in amounts often too small to produce a 
cortical ‘‘epileptogenic’’ focus) results in the 
production of synchronous bursts of high volt- 
age, paroxysmal slow waves, their distribution 
depending on the localization of the lesion. 
Evidence has been offered to suggest that 
these responses are mediated through the 
thalamic non-specific system. Not infrequent- 
ly, after several hours of reeerding, or usually, 
after the addition of more penicillin, a spik- 
ing focus is produced at the site of the 
thalamic electrode. When present, the spikes 
tend to group themselves under the synchro- 
nized spindles (fig. 4-5). An explanation for 
this phenomenon has been advanced by Mo- 
ruzzi et al. (43), who showed that several 
types of evoked cortical activities (including 
strychnine spikes) were augmented during 
normal spindling. They attribute this effect 
to a ‘‘periodic waxing and waning of back- 
ground excitability’’ of which the spindles 
are probably a mantfestation. These spikes 
tend to project to the cortical areas in which 
the bursts of synchronized slowed spindles are 
occurring and they are eften superimposed on 
these bursts. The spiking activity however, 
shows a somewhat greater tendency to bila- 
teral spread than the slowed spindles when 
the penicillin lesion is located lateral to the 
midline. Occasionally the spikes may show 
a one to one relationship to the slow waves of 
the spindle but this was not a common occur- 
rence in the lesions so far produced. 


It would then seem, that a focal irritative- 
destructive lesion, when situated in or close to 
the thalamic non-specific system, can elicit 
most of the electrographic patterns which are 
considered characteristic for an ‘‘atypical 
centrencephalie seizure’’. This is true not 


only in an anesthetized animal, as a fully 
awake one will show the same type of activ- 
ity, following a similar lesion. However, the 
preminence and extent of the abnormalities 
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ean be markedly enhanced by barbiturates, a 
fact in keeping with the known elinical ob- 
servation of the sensitivity of these types of 
epileptic disorders to (barbiturate) sleep 
activation (16, pp. 33 and 57). 

The finding that the spike component may 
not appear, or requires a more extensive 
‘“stimulus’’ to do so, and the fact that it 
projects in an overlapping but wider syn- 
chronous distribution, suggests that its mech- 
anism is somewhat dissimilar or that its 
origin is from a different type of neurons. 
Such a hypothesis might help to explain why 
in human pathology some non-epileptogenic 
lesions in subcortical structures might give 
rise to a bilaterally synchronous, paroxysmal 
theta or delta rhythm, while other lesions ean 
produce a clinico-electrographie seizure pat- 
tern of a centrencephalic type, notwithstand- 
ing the fact that both are very likely involv- 
ing the same general area. 


D. The nature of the penicillin effects and 
their interpretation. 


From the observation that none of the de- 
scribed changes are seen following the injee- 
tion of comparable amounts of isotonic saline 
into similar thalamie loci, it would appear 
that the abnormal response is not simply the 
result of a mechanieal destruction of tissue 
but is to be attributed to the penicillin itself 
(although other factors, like pII, should be 
considered as a possible eause). The fact that 
several different brands of penicillin are 
equally effeetive would exclude the possibility 
of an aspecifie effeet due to some contaminant 
of one particular produet. 

Massive thalamic lesions are known to 
eliminate the spindles previously indueed by 
destruction of the mesencephalic tegmentum 
or subthalamus; small clectrolytie thalamic 
lesions either produce transient or permanent 
slowing or depression of cortical activity and 
not the changes here deseribed. It would, 
therefore, appear that a purely destructive 
lesion cannot be responsible for these changes. 

Penicillin in larger amounts is known to 
be a highly effective epileptogenic agent (1, 
31, 49, 50), and in faet, in our experiments, 
spiking is. frequently encountered at the 
thalamic injection site when larger doses are 
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used of after the drug has been left in place 
for several hours. Metrazol may selectively 
activate the thalamic ‘‘focus’’ even in the ab- 
sence of prior spiking abnormalities. 


These data make for a plausible conclusion 
that the minimal thalamic penicillin injec- 
tions produce a mixed irritative-destructive 
lesion or a ‘‘potentially epileptogenic ’’ one. 
Such a hypothesis would help in explaining 
the widespread synchronization, so similar to 
that elicitable by electrical stimulation of 
these same regions. In addition, it has been 
shown that the injection of acethylcholine into 
the cerebral ventricles may result in a slow- 
ing of the spindles, an effect which seems to 
be reversible with atropine (9). Such a result 
would not be expected if due purely to de- 
struction. 


Relatively little is known of mechanisms 
resulting in spindle slowing to the degree here 
described. Similar effects, though diffuse and 
generalized, have been described following 
heavy barbiturate intoxication (22) and/or 
hypothermia (34). However, these effects bear 
but little resemblance to the response induced 
by thalamie penicillin lesions: these systemic 
depressing factors are always associated with 
a generalized and marked drop in amplitude 
of both background activity (to almost a flat 
baseline) and spindle waves which become ir- 
regular and sharp. On the other hand, the 
slowing of the spindle intrinsie frequeney with 
unaltered (or more often inereased) voltage 
of the single waves, eannot be simply explain- 
ed through a mechanism of ‘‘inhibition’’ in 
the sense of a selective depression and slow- 
ing of excitability and autorhythmicity of the 
neuronie elements (4, 47). In the ease under 
diseussion, we are likely dealing with an 
‘faltered’? pacemaker: as we totally ignore 
the intimate mechanism through whieh this 
pacemaker works in normal conditions, we ean 
only suggest -that through some disturbing 
proeess its funetioning has been ‘‘slowed 
down’’, with consequent results of slowing 
of the spindles, increase in voltage of the 
single waves, nerease in their total duration 
and general deerease in’ the number of 
spindles per unit time. The relationship  be- 
tween these changes and the striking increase 
in svnehvonization remains obscure. 


SUMMARY AND CONCLUSIONS 


1. The injection of small amounts of 
penicillin into various areas of the thalamus 
of eats under barbiturate anesthesia is rou- 
tinely followed by slowing of the 8-12 ¢/see. 
barbiturate spindle to 314-5 c/see. and by 
spindle synchronization. Such an end result 
also occurs in the non-anesthetized prepara- 
tion, although it may be accentuated by bar- 
biturates. 

2. The distribution of the spindle altera- 
tion depends on the loeation of the thalamic 
injection. 

3. Evidence is given to suggest that these 
changes are mediated through the non-spe- 
cific thalamic system, and that they are not 
necessarily dependent upon elimination of 
arousal mechanisms. 


4.‘These results would confirm the hypo- 
thesis that the thalamus is very likely the 
anatomo-physiological substrate for the rhyth- 
mical 8-12 c/see. barbiturate spindle and that, 
in regard to this particular type of electrical 
activity, the cerebral cortex is only second- 
arily activated by impulses of subcortical 
origin. 

5. A comparison is made between the 
altered spindles and some human pathological 
rhythms commonly present in the EEG in 
eases of subeortieal involvement. 


6. The electrographic picture of some forms 
of ‘‘centreneephaliec seizures’’ is deseribed 
and discussed in relation to experimental find- 
ings. 

7. The nature of the penicillin-indueced 
changes is discussed. 
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There are two obvious paths by way of 
which cortical neurones may be activated. 
One is via axonal terminations on cell bodies. 
In the primary sensory projection areas, stim- 
ulation of the radiation afferents by single 
shocks results in a record in which brief spikes 
are prominent. These spikes are records of 
cell-body all-or-none responses, as evidenced 
by microelectrode recording from single neu- 
rones following similar stimulation (Tasaki 
et al. 1954). In the cortical record from elec- 
trodes one on the surface and one in white 
matter, these spikes appear superposed on a 
surface-positive wave and this is followed by 
a negative wave. These two wave deflections 
have been interpreted as the two phases of a 
diphasic process, indicating conduction up- 
ward along the dendrites of pyramid cells to- 
ward the cortical surface (Bishop and Clare 
1953). Since the activity is initiated at or 
near the cell body, in a sense this process is 
conducted antidromically over apical den- 
drites. 

The second type of path to cortical neu- 
rones is by way of axon terminals synapsing 
on dendrites themselves. Direct stimulation of 
the cortical surface or indirect stimulation of 
various paths to cortex activate the dendrites 
near their terminal endings in the relatively 
cell-free upper region of cortex, to produce 
a simple surface-negative wave. No cell body 
spikes appear in records from transcortical 
leads following such stimulation. Other ev- 
idence has been presented that conduction 
fails or is decremental along the dendrites in 
the dromiec direction, toward the cell hodies, 
following single stimuli (Clare and Bishop 
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Washington University, and in part by a grant from 
the Supreme Council Thirtv-third Degree Scottish 
Rite. Northern Jurisdiction, U.S.A.. through the Na- 
tional Association for Mental Health. 
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1955), but it may occur after repetitive stim- 
ulation. 

If these two types of stimulation are ap- 
plied in appropriate time relations (Jasper 
and Ajmone-Marsan 1950) the negative phase 
of the diphasic wave following stimulation of 
the specific thalamic radiation interferes with 
the simple negative wave response to dromic 
synaptic activation of dendrites, and vice 
versa. This mutual occlusion indicates that 
both these negative processes occur in the 
same elements. The cortical] surface-negative 
wave in this instance was a recruiting wave 
following thalamic stimulation. This exper- 
iment thus demonstrates the activation of the 
same neurones by two pathways as proposed 
above. 

The experiments to be reported here were 
designated to clarify the relations of the 
activities initiated in various paths afferent 
to cortex, and the contributions of these va- 
rious activities to overall cortical patterns of 
response. 


For convenient topographical reference, 
the classification of Rose and Woolsey (1949) 
has been employed. The primary projection 
areas of cortex are those receiving sensory 
(and cerebellar) radiations. The secondary 
projection areas are those whose destruction 
results in retrograde degeneration of nuclei 
in the thalamus other than the specific or ex- 
trinsic nuclei. The association areas in this 
scheme are those whose removal causes no 
degeneration of thalamic nuclei. Since these 
are poorly delimited in the cat, we use this 
term for those areas directly responding to 
stimulation of the cortical primary sensory 
areas (Clare and Bishop 1954; Amassian 
1954). These terms are employed descrip- 
tively, without insistence on functional con- 
notations. 
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TECHNIQUE 


Cats were anaesthetized with a combina- 
tion of veterinary Nembutal (0.2 ce. per kg.), 
MgS0O4 12.5 per cent (1 ec. per kg.), and 
ether by tracheal canula just sufficient to 
maintain quiescence. They were fastened to 
an animal board with heads fixed in a Cher- 
nak headholder. Cortical responses to thala- 
mie or cortical stimulation and spontaneous 
cortical spindles of these preparations could 
not be distinguished from those of 3 decer- 
ebrate cats used as controls. Stimuli in thal- 
amus were applied through an electrode as- 
sembly of two silver wires, tapered and flat- 
tened, with tip exposures of about 0.5 mm., 
and with a vertical separation of 1 to 1.5 mm. 
between tips. Also attached to the electrodes 
was a 75 mu steel wire employed to mark the 
depths of stimulation by the Prussian blue 
reaction following electrolysis for 30 sec. at 
100n.A. Manipulators for electrode placement 
had verniers reading in 0.1 mm. steps, and 
were held in ball-and-socket joints for ease of 
orientation. Stimulation of cortical tissue was 
effected through an electrode pair consisting 
of two wires with vertical separation of tips 
by 0.3 to 0.6 mm. When stimulation of only 
the upper fraction of cortex was desired, this 
electrode pair was inserted into the brain just 
far enough to place the upper tip exposure 
within the tissue. Lead electrodes were steel 
or silver needles insulated nearly to the tip; 
if tips were to be located within cortex the 
points were sharpened to a long taper and 
electrodes were inserted nearly horizontally 
until the tips approached the recording site. 
This insertion effected minimal damage to the 
eolumn of tissue from which the recordings 
were made. 


A reasonable threshold for recruiting re- 
sponses from thalamic or cortical indirect 
stimulation, or for local direct stimulation of 
cortex, proved to be pulses of 2 to 3 V. 
discharged through a 0.01 mf. condenser with 
2000 ohms plus electrode resistance in series. 
The electrodes were lowered until a minimum 
threshold for a given response (often exceed- 
ing the above value) was obtained; a voltage 
‘was then applied, usually 10 V. or more, 
sufficient to give a large and well-developed 
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response at an amplification low enough to 


minimize the background record. As a stand- 
ard procedure single shocks or groups of 2 
or 3 at 5 msec. intervals were repeated usually 
at 6/sec., but varied in frequency as the 
purpose of the experiment demanded. 


With electrodes of this size and separation 
and with strong shocks, any high degree of 
localization of the stimulated structures was 
obviously out of the question, and our aim 
was to obtain large responses in cortex rather 
than to explore sites of origin. All brains 
were excised and examined by the following 
technique. A cardboard profile of the midline 
hemisphere surface was prepared and an 
aperture cut in it to match the corpus callosum 
eross section. The Horsley-Clark zero plane 
was represented by a horizontal slit in the 
eardboard. The position of the optic chiasma 
was marked. This profile was waterproofed. 
After formol fixation of the brain by injection 
or immersion overnight a midline sagittal sec- 
tion was made. The profile was matched to 
the experimental half-brain and the horizontal 
plane was cut through the slit. Coronal sec- 
tions were then cut by hand about 1 mm. 
thick, marked serially by clipping corners, 
ete., stained in dilute thionin in formol, rinsed 
in aleohol and dehydrated in three changes of 
acetone. After clearing in two changes of 
toluol they were mounted in permount be- 
tween two slides and weighted to flatten. The 
whole preparation required about two hours. 


Sections were projected and drawn to a 
scale of 10 times the freshly fixed prepara- 
tions. On these drawings needle tracks were 
marked and scaled for depth at 1 cm/mm. 
The drawings then matched the Jasper-Aj- 
mone-Marsan diagrams for size, and were mat- 
ched for register with the appropriate cross 
sections of the atlas, employing such stained 
landmarks as lateral geniculate nucleus, ven- 
tricle, fornix, caudate, ete. The stimulus posi- 
tions were then noted in terms of the nuclei 
as labelled. Lead needle positions in cortex 
were checked against measured depths of in- 
sertion obtained at the time of their removal. 

After some exploration of the dorsally ex- 
posed cortex, four regions were settled on for 
routine recording as those most liable to give 


prominent records from somewhat randomly 
located stimulations. These areas consisted 
of the optic projection area on lateral gyrus, a 
locus of suprasylvian lateral and anterior to 
the primary visual area, a locus of the middle 
suprasylvian just posterior to the anterior 
angle of that gyrus, and the somaesthetic 
sensory area of the posterior sigmoid gyrus. 
Usually two of these areas, in general adja- 
cent ones, gave significant response to strong 
stimuli in one locus of thalamus. Rarely 
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routinely applied spread widely and were not 
well localized as to specific point of origin. 


RESULTS 


I. Incremental and decremental wave se- 
quences in cortical response. 


Stimulation in many thalamic nuclei re- 
sults in the arousal of potential wave responses 
defined as recruiting waves (Dempsey and 
Morison 1943). It is found in our experiments 
that cortical wave sequences with similar 
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Fig. 1 
Two types of waves from stimulation at 6/see. in L.D.-M.D. of thalamus, leads across 


somaesthetie cortex. 
rendering the early wave more prominent. 


The lower record was from stimuli 1.2 mm. deeper than the upper, 
Arrows indicate positions of waves I and II. 


Note decrease of earlier wave, increase of later. In this figure and succeeding ones, the 
first stimulus artefact is indicated (s), and stimulation continues throughout records, unless 
otherwise noted. Voltage calibration at left 1.0 mV. Stimulation depths in'mm. marked on 


records. 


In all records, positivity at the surface electrode is recorded as an upward deflection. All 
leads are surface to white matter across cortex, except as noted. 


both somaesthetic and visual areas responded 
to the same stimulus. The anterior suprasyl- 
vian area usually responded to any stimulus 
that activated the somaesthetic, but not al- 
Ways vice versa; and the same was true of 
the more posterior suprasylvian and optic 
areas. We do not think these findings are 
significant as defining specific projection 
paths from thalamus to cortex since our 
stimuli were strong and fibers of passage 
could never be excluded. On the other hand 
at minimal stimulation strengths the thresh- 
old responses were localized to within a few 
mim. and these loci of threshold responses were 
those which gave the largest amplitude of 
record following stronger stimulation. These 
facts confirm that our thalamic stimuli as 


characteristics may follow the repetitive stim- 
ulation of a distant cortical area. The critical 
property common to both these responses is 
that at certain frequencies of stimulation, 
optimally 6 to 10 per see., and at constant 
stimulus strength, the waves progressively in- 
crease in amplitude to a maximum, then fall 
off somewhat to a constant but lower ampli- 
tude. 

In many records from thalamic stimula- 
tion and more consistently from cortical stim- 
ulation an earlier wave appears following 
each stimulus. This short-latency wave has 
been noted previously in statements that the 
latency of response increased with repeated 
stimulation (Jasper 1949), that is, that the 
first wave of a sequence showed a shorter 
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latency than did the following waves. In many 
records, however, the two waves are both 
present in consecutive responses to stimuli. 
The striking difference then appears, that the 
earlier wave decreases as the later increases. 
This may occur so smoothly that the earlier 
becomes insignificant after the first response, 
while the later appears only in the second or 
following responses to stimuli, and the ap- 
pearance is given of a sequence of single 
waves. 

Figure 1 illustrates a repetitive sequence 
in which both elements are obvious. Because 


ulus; either may have the lower apparent 
threshold. Both types may be detected in re- 


sponses to direct stimuli applied at a record- 


ing locus of cortex, where type I first appears 
without increment at low stimulus strengths, 
and type II is superposed on it at higher 
intensities of stimulus as an incremental com- 
ponent. 


The class of incremental responses thus includes 
more than the classical recruiting waves. The dif- 
ferences between augmenting and recruiting waves 
are chiefly differences in anatomical distribution 
and path of activation (Dempsey and Morison, loc. 


Fig. 2 
Two types of waves, I and II, stimulus in thalamus L.D.-A.V., 14.2 mm. 


below cortical surface, stimuli 6/sec. Leads across suprasylvian cortex. 
Upper record, stimulus strength 4.5V., 0.01 MF. condenser. Wave I prac- 
tically disappears after the first response. Middle record, 9V. stimulus, 
first wave persists but decreases. Lower record, 18V., first wave prominent 
and persists but at reduced amplitude. For a third wave in the two lower 
records we have no explanation; such responses are found only occasionally. 
Although the apparent thresholds for the first two waves were about the 
same, the later wave failed to increase with increase of voltage, although it 
recruited more rapidly at a higher voltage. Calibration marked in 1.0 mV. 


steps. 


of their characteristic differences in behavior 
following repetitive stimulation, the earlier 
wave will be referred to hereafter as a decre- 
mental process, or type I response, and the 
longer-latency wave as an incremental or type 
II response, the latter including the classical 
‘recruiting waves of Dempsey and Morison 
(1943). While stimulation in certain loci may 
give rise to one or the other alone, under 
our experimental procedures it is more com- 
mon to obtain both from the same strong stim- 


cit.) but the waves appear to represent activation 
of similar elements. 

Practically all parts of cat cortex can be excited 
to produce response with similar properties, and most 
of the thalamic cortically-dependent nuclei as well as 
many cortical areas serve as effective origins of the 
exciting impulses. Since we infer that all are the 
responses characteristic of dendritic activation by un- 
myelinated fibers, we propose to deal with them here 
as a single group of phenomena. 


It should be recognized, however, that this type 
of behavior is a function of the repetitive mode of 
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stimulation as well as of the properties of the ele- 
ments responding. That is, this rather arbitrarily 
applied test of repetitive stimulation does not pre- 
clude the possibility, in fact the demonstrable cer- 
tainty, that the same elements can be active in other 
patterns of response and under other conditions than 
these specific experimental ones. A consistent and 
arbitrary test, however, serves to indentify some of 
the properties of this group of elements, and to 
differentiate them from other elements giving a 
different type of response. In particular it differen- 
tiates between these incremental responses included 
in type II and other type I responses of shorter la- 
tency which do not significantly increase under 6 per 
sec. stimulation, but rather usually decrease. The 
latter are the responses previously investigated by ob- 
serving the results of single or rapidly repeated shocks 
at 70 to 100 per sec. (Clare and Bishop 1955) excited 
in one locus of cortex by the stimulation of the same 
or other loci of cortex. We noted there a widening of 
the wave during repetitive stimulation which now ap- 
pears to have represented the appearance of the 
incremental type of response, partially superposed on 
the decremental type. 


II. Fiber groups activating cortez. 


Considering the latencies and other fea- 
tures of responses of cortex, there is evidence 
of four groups of fibers activating cortical 
neurones. 


1. The fastest-conducting afferent fibers 
of cortex are the radiations of special sense 
(to primary projection areas), which in the 
visual system conduct at not over 50 m. per 
see. (Bishop and Clare 1951). The largest 
fibers in the optic tract which conduct at 
about the same rate are.11-12 mu in diameter 
(Bishop and Clare 1955b). 

2. A somewhat slower-conducting group is 
inferred from the latencies of certain cortical 
responses following single shock stimulation. 
Responses of a strip of assoeiation cortex activ- 
ated by single shocks in optic cortex (Clare 
and Bishop 1954), occur with a latency in- 
dicating a rate of somewhere near half of the 
radiation rate, inexact estimates being due 
to short conduction distance involved. Oc- 
easional responses from stimulation in thal- 
amie nuclei, for instance in pulvinar or 
posterior nucleus, indicate a similar conduc- 
tion rate. The fiber sizes can only be estim- 
ated from rates as about half the 12 mu 
maximum of the optic tract. 

Stimulation of both the above fiber groups 
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activating cortex results in responses initiated 
by spikes, although these are-superposed on a 
surface-positive wave and followed by a 
negative phase. The spikes must be those 
arising from cell bodies and their axons. We 
have presented evidence (Bishop and Clare 
1953) for the optic cortex that the slow phases 
accompanying these spikes are of dendritic 
origin. 

3. A third group of still slower fibers is 
activated for instance by stimulation of the 
lateral border of suprasylvian cortex, re- 
sponses to which are recorded in the optie 
area of the lateral gyrus. This is an instance 
of a type I response. A spike assignable to 
the activity of these fibers themselves cannot 
be identified in the record. Their conduction 
rate, obtained by subtracting about 1 msec. 
for synaptic delay, figures at not more than 
8 to 10 m. per see. A similar rate is derived 
from cortical responses to stimulation of other 
cortico-cortical paths, and from certain thal- 
amocortical paths resulting in type I cortical 
response. The fibers must be small myelin- 
ated. The response to their stimulation is a 
wave of 15 msec. duration without spikes. 

4. Finally a fourth group of fibers activ- 
ates recruiting and similar responses (type 
II)-but in general not after one stimulus. The 
latencies of response indicate very slow con- 
duction, and the latency depends on distance 
of conduction. For instance, if stimuli are 
applied at three loci (first, within a thalamic 
nucleus; second, in the internal capsule just 
above the ventricle; and third, in the white 
matter of the suprasylvian itself) and if 1 
msec. for synaptic delay is subtracted from 
each latency of a response in the recruiting 
series, the remaining time is roughly propor- 
tional to the distance between stimulus and 
response loci along the S-shaped path from 
thalamus to cortex. The conduction rates 
figured from these times and distances are 
not over 1.5 m. per see. Usually a rate of 
near 1 m. per see. is found, a rate character- 
istic of unmyelinated fibers measured else- 
where. 

Further analysis of the records of cortical re- 
sponses supports this classification of fiber groupings. 
In the response of specific projection cortex to its 
sensory afferents the spike signalling the arrival of 
the presynaptic fiber impulse at the cortex is 
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clearly visible (Bishop and Clare 1951). The same type I and II dendritic responses, while we occa- 
applies to the second group of fibers activating asso- sionally see a slight elevation preceding the slow 
ciation cortex following stimulation of primary pro- wave, whieh might be a record of the incoming im- 
jection cortex (Clare and Bishop 1954) but the pulses of nerve fibers, this is always at about the 
spikes are all less prominent. In the cases of the cortical noise level or below it. It is for this reason 
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Fig. 3 

(A) Recruiting responses to direct cortical stimulation, applied near sur- 
face of anterior portion of the middle suprasylvian cortex at 6/sece.; leads 
across cortex with surface lead within 0.5 mm. of stimulus. Record 1, 3V. 
stimulus, slight increment, chiefly type I response, which often fails to 
decrease under direct cortical stimulation, in contrast to indirect stimulation. 
2, 6V., more increment of response. 3, 7.5V., and 4, 9V., show increasing 
recruitment, assignable to type II responses superposed on type I. No 
significant increase of first response of series occurs with increasing stimuli. 
Calibration marked in 1 mV. steps. Change in shock artifact balance 
(upward deflection) in first few responses is due to polarization of the 
stimulating electrodes. 


(B) Leads across anterior portion of the middle suprasylvian, stimulated 
by double shocks applied 3 mm. deep below cortical surface, 6 mm. posterior 
to leads. Reeord 1, 6.5/sec., 2, 13/see. stimulation. More frequent stimula- 
tion induces more marked recruitment of type II component; type I de- 
creases at both frequencies. 3, a single pair of strong stimuli is followed 
by recruiting spindle of the same frequency as after the more optimal rate 
of 2. Note short latency of recruiting wave II at this conduction distance, 
causing superposition of two types of response but with obviously different 
latencies of peaks as in figure 4. Calibrations on record 2, 1 mV. steps; 
on 3, 0.5 mV. 


that conducting times for these slow responses have 
been derived by subtracting a probable but un- 
known synapse time from the latencies of response. 
The same expedient had to be adopted in detecting 
fiber components of the optic tract (Bishop and Clare 
1955b) where only the first two of ‘four groups of 
fibers gave presynaptic spikes of detectable amplitude 
above background activity. The responses of two 
groups of smaller fibers activating tectal structures 
could not be identified directly where buried in the 
electrically conducting substrate of thalamic stratum 
zonale and colliculus. 

A second criterion of fiber sizes, relative thres- 
holds, cannot be accurately employed here as indices 
of diameters of the two slower groups of fibers ac- 
tivating cortex. In some cases the earlier of these 
two waves has had the lower threshold; in many 
others while the earlier appeared alone after a single 
shock near threshold, repetitjve stimulation at this 
strength developed the later component while the 
earlier wave decreased to a negligible amplitude (fig. 
2). A further complication, of course, is that one 
never knows that the different fibers eventually stim- 
ulated are at similar distances from the electrode 
and thus equally accessible to the current. Figure 1 
records differences in relative proportions of these 
two responses resulting from a small change in 
stimulating electrode depth. 


When cortex is stimulated directly, two 
superposed components can be distinguished 
as recorded close to the site of stimulation, 
and the earlier wave has a lower threshold 
than the later (fig. 3). The first of these can 
then be identified as a type I response by 
the fact that, following weak stimulation, it 
either decreases with 6 per sec. stimulation 
or fails to increase. The second component, 
added to the first following stronger stimuli, 
ean be identified as a type II response by 
the facts that it does increase, that its dura- 
tion is slightly longer than that of type I, and 
that its peak falls later (fig. 4). The dif- 
ficulty here is that we do not know certainly 
whether we are stimulating directly two dif- 
ferent groups of dendrites, or two-groups of 
nerve fibers which excite the two postsynaptic 
responses in the same or different dendrites. 


III. The locus of the incremental 
(recruiting) function. 


For the following reasons, we infer the 
locus of the functions immediately determin- 
ing the incremental character of the responses 
to repetitive stimulation to be at the cortical 
level, and probably at the synaptic areas of 
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dendrites. First, stimulation of white matter 
in the internal capsule or even immediately 
beneath the cortex induces recruitment quite 
as does thalamic nuclear stimulation. Second, 
with the strong shocks from large electrodes 
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Two types of response from cortical stimulation. (A) 
Superposed tracings, by projection, of first to sixth 
plus tenth responses of the recruiting series shown 
in (B). In the tracings surface positive is downward, 
and in the original strip below (B), upward as usual. 
Shock artefact traces were inked to project. Stimulus 
9V. applied at 10/sec. just below cortex anterior to 
center of suprasylvian gyrus. Leads across optic 
area of lateral gyrus. Tracing 1, type I response only, 
which almost disappears in responses after the first. 
The initial positive deflection is shock artefact. 
Tracing 2, a longer-latency type II response recruits 
to a maximum in response 4, then falls off. In 
following records a further widening of the response 
may represent repetitive type II responses as in 
figure 2. Calibration on B, 1 mV. 
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we have employed, the axons of most of the 
cells in the thalamus which might respond 
must also be directly stimulated. We know 
of no properties of nerve fibers which would 
account for summation of effect over the suc- 
cessive intervals of recruitment. Third, re- 
eruiting responses can be obtained at a point 
of cortex within 4% mm. of the stimulated 
point, which is as close as we can place a 
recording electrode and still manage the shock 


those set off by the one or more stimuli, 
also indicates the operation of such a eycle 
in both these sequences. 


IV. The character of the ‘‘recruiting’’ process. 

The term ‘‘recruiting’’, implying the ad- 
dition of successively more units to an initial 
small number responding, may be a mislead- 
ing one. The responses of the elements in- 
volved are graded responses, and a given unit 


Fig. 5 
Repetitive stimulation (6/sec.) using series of 2 and 3 shocks as marked by 
vertical lines below records, showed effects on recruitment that one shock 
(top record) failed to evoke effectively at this rate. Leads across anterior 
portion of the middle suprasylvian gyrus. Stimulation 7.5 mm. deep (tip of 
pair) below center of middle suprasylvian 8 mm. posterior to leads, 9V. 
intensity. Probably fibers from the internal capsule were stimulated. The 
two shocks of the middle records are spaced at the same interval as the first 
and third of lower. We infer that casual activity from other regions of the 
nervous system disturbed the regularity of the less effectively stimulated re- 
sponses, although definite recruitment shows in the first four responses of the 
upper record, in addition to a small decremental early wave. Calibration 


1 mV. 


artifact (fig. 3). Fourth, a cycle of excitabil- 
ity follows each response in a sequence of 
these increasing responses. After a refractory 
period, a hyperexcitable phase occurs at 14th 
to 14th sec. from the start of each wave. 
Supernormal excitability at this time interval 
accounts for the recurrent lowering of thresh- 
old to the following stimulus (see below, IV). 
Fifth, the interaction of a stimulated re- 
eruiting series with the spontaneously occur- 
ring 10 per see. spindles (below, V), or with 


that fails to respond to a first stimulus, and 
does respond to a second, can presumably 
respond to the third at a higher amplitude. 
The incremental responses thus presumably 
involve an increase of the response of each 
element, as well as any increase that may oc- 
cur in number of elements active, as implied 
by the term ‘‘recruitment’’. In what follows 
we shall employ the terms recruiting and in- 
eremental as synonymous with the above re- 
servations. The fact of either increment or 


recruitment, however, involves a common 
factor, an increase of excitability to a synaptic 
excitation, and this after a long interval 
during which excitability is depressed. 

In previous work on the visual cortex (Bishop 
and Clare 1952) a cycle of depression was described 
which was also followed by a return to normal or 
possibly greater excitability. The discharge at the 
peak of the excitable phase consisted of a barrage 
of waves of longer than cell spike duration, or of 
a.more or less smoothed summation of such waves 
temporally dispersed. The limit of the latter summed 
type of response resembled an alpha wave, and the 
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than a first, one during the first response 
and the second following a period of depres- 
sion resulting from the response. The first 
situation shows true temporal summation and 
supraliminal facilitation. The second involves 
what might be looked on at present as a super- 
normal recovery phase following relative re- 
fractoriness (Forbes, Battista, Chatfield and 
Garcia 1949). The decremental responses fail 
to show such a supernorma! phase. 


Incremental type responses to two stimuli 
summate smoothly if the interval is sufficient- 
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Fig. 6 


Effects of high frequency stimulation. 


Stimulus in middle suprasylvian, leads 6 mm. 


anterior across cortex. All 9V. stimuli. Calibration 1 mV. 


1, one shock repeated 6/sec., producing early and late potential waves, stimulus deep within 
cortex. In 2 and 3, the 3 dots placed under the first group of stimuli indicate the times 
of application of the 3 shocks. This series of 3 shocks was repeated 6/sec. during the 
remainder of the records. 2, stimuli 5 mm. deep in white, below locus for 1. Just before 
fourth response and probably before third, a spindle wave begins (marked by circles 
below record), its position moving earlier in the succeeding intervals, indicating the ten- 
dency to spindle arousal and the successively earlier supernormal excitability following 


successive responses to stimulation. 3, stimulus 7.5 mm. deep; lower amplification. 


Some re- 


sponses show double'peaks presumably due to response effects of two of the 3 stimuli. 


complex might be repeated at the alpha wave fre- 
‘quency (Bishop 1933). Such a cycle, but without a 
rebound above threshold, has been found in many re- 
sponse patterns of nervous system activity (Clare, 
Mills and Bishop 1951 and references there cited). 
In recent work (Clare and Bishop 1955) 
repetitive stimulation of cortical dendrites at 
intervals such that each succeeding stimulus 
arrived during the previously excited 15 msec. 
response, showed no refractoriness during the 
response, and in some eases showed facilita- 
tion of the second stimulus. This phenomenon 
is exhibited by the recruiting responses (fig. 
5 and 6). There are thus two periods during 
which a second stimulus can be more effective 


ly brief (fig. 5, 6, 7). Three shocks are still 
more effective. A sequence of three shocks 
may initiate a nearly maximal wave following 
a first application (fig. 8); this is maximal 
in the sense that succeeding waves following 
identical stimulation show practically no 
further increment. This occurs in prepara- 
tions where a single first shock gives no 
detectable response, and two or more at 
6/sec. are required to recruit a significant 
potential wave. From these results it may be 
inferred that the incremental character of 
the usual sequence is a result in part of the 
ineffectiveness of one volley from any number 
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of fibers in setting off a postsynaptic dis- 
charge. 

In contrast to this requirement of rapid 
tetanic facilitation for immediate initiation 
of the incremental type II response, is the 
obvious ability of one volley to fire the type 
I response (fig. 1-3). The latter, while it also 
shows temporal summation to closely spaced 
stimuli, lacks the postdepression supernor- 
mality. The decremental character of type I 
response to 6/sec. stimulation indicates simply 
that depression following one response has 
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decerebrate preparations, Bremer 1949), have 
been noted by various workers. We have re- 
examined them in terms of the dendritic excit- 
ability eycle of depression and. supernormal- 
ity. 

A. ‘‘Spontaneous’’ spindles initiated by 
one or more stimuli. In active preparations 
which show spindles spontaneously, a single 
stimulus or several at 6/see. will start a 
spindle (fig. 9) which thereafter proceeds 
quite as do those arising spontaneously (Jas- 
per 1949). The single stimulus effective for 


T 


Fig. 7 


Summation in high frequency bursts. 


Stimulation of suprasylvian with 


deeper electrode at 2.5 mm., leads from striate cortex. Calibration 1 mV. 
In both records, groups of 3 shocks (marked below first stimulus) are 
repeated at 6/sec. Individual shocks closer together in lower record, with 
greater stimulating effect, especially on late wave responses. Note reduction 
of spontaneous background during intervals between responses, presumably 
due to occlusion of activity from other paths. Last stimulus groups on each 


record indicated by T. 


not recovered to normal after one stimulus 
interval. Further, two-shock tests indicate 
that it shows no supernormality at any in- 
terval. 

At least two other synaptic junctions are known 
which are characterized by this prolonged depression 
phase. First in the lateral geniculate synapse, com- 
plete recovery requires seconds, and no supernormality 
has been observed (Marshall and Talbot 1940; Bishop 
and O’Leary 1940). Second, we find that repetitive 
stimulation of the optic tract at 6/sec. results in a 
decreasing series of collicular potential waves, with 
no supernormality following depression as tested by 
a second shock delivered at any time after a first. 
The depression persists for several seconds following 
one stimulus, as in the geniculate synapses of mye- 
linated fibers. 


V. Similarities between recruiting responses 
to stemulation and recruiting spindles. 
Similarities between recruiting responses 

and the spontaneous so-called barbiturate or 

sleep spindles (which in fact also occur in 


spindle-tripping may be so weak that no 
overtly observable immediate response is in- 
duced. That is, the preparation is at a high 
level of excitability such that a subthreshold 
stimulus causes a delayed response, occurring 
only after a latency of about 1th see. Ap- 
parently even a subliminal increase of excit- 
ability assignable to the stimulation is fol- 
lowed by late supernormality. This triggering 
of a spontaneously increasing spindle enables 
one to time the occurrence of events and then 
to place other arbitrarily timed stimuli during 
the spindle in order to test the threshold 
during its various phases. A convenient pro- 
cedure is to continue stimulation at about 
6/see. during the spindle. 


A stimulus applied during one of the 
spontaneous spindle waves can increase its 
amplitude and duration. Between two spindle 
waves a higher threshold is found than that 
required for triggering the response of the 
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spindle. As the time for the next wave ap- 
proaches the threshold decreases again to 
practically zero. That is, the next wave final- 
ly occurs without the stimulus. Each wave of 
a spindle is thus followed by an excitability 
eycle like that of a type II stimulated re- 
sponse. The successively higher responses of 
the spindle must be followed by successively 
increased supernormality, indicated both by 
the progressive increase of amplitude and 
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duplicating that of the spontaneous spindle 
(Jasper 1949). The appearance is that of a 
stimulated series which itself would attain 
the final amplitude, but which has a spindle 
sequence superposed on it, and kept exactly 
in phase with it by the successive stimuli. Be- 
tween responses the excitability is depressed 
as in the case of the free spindles, and late 
in the th sec. intervals excitability rises 
again, as tested by an interposed single stim- 


Fig. 8 
Recruitment reversed to decrement by more effective stimulation. Supra- 
sylvian stimulus, 2.5 mm. deep, 9V. Suprasylvian leads. Conduction dis- 
tance via white matter 8 mm. Upper record, single stimuli repeated at 
7/see.; lower, 3 shocks, closely spaced, make the first response maximal. 
Calibration 1 mV. Inset at upper L., a single response at fast time, cali- 
bration in 10 msec. intervals. 


The upper record appears to fall by its conduction time into the class 
of type I responses, which usually decrease with repetitive stimulation. This 
is the more striking of two such records which showed increment. At the 
distance conducted, a second wave should be visible if present as a widening 
of the total, and we cannot detect it. In lower record the repetitive shock 
artifacts obscure details, but total amplitude clearly decreases. We have 
rarely found sequences under these conditions where at least a small type II 
wave was not obvious following repetitive stimulation. 


often by a shortening of the intervals between 
them. 

B. The excitability cycle during a stim- 
ulated series of increasing responses. In less 
excitable preparations or between the occur- 
rences: of spontaneous spindles, a 6/sec. series 
of stimuli to an appropriate region of thal- 
amus or cortex produces the typical inecre- 
mental series. This, like the spindle, increases 
to a maximum, but the intervals between 
waves are controlled by the stimulus fre- 
queney. The maximum is followed by a de- 
cline not to zero (fig. 1 and 6), but to a 
constant level (Dempsey and Morison 1948). 
The amplitude thus follows a time course 


ulus. The raising and final lowering of 
threshold are therefore similar in the two 
sequences. 

C. Spindles initiated during continued 
stimulation. If the stimulation is continued 
at 6/see. in an active preparation (one in 
which one or a few stimuli would initiate a 
spindle), spindle waves appear during the 
stimulated sequence, one such wave following 
each stimulated response (fig. 6, 10). 

Such a train of double responses follow- 
ing each shock may continue for the duration 
equal to that of a free spindle, or the sponta- 
neous spindle process may take over and get 
out of phase with the stimulated sequences 
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(fig. 10). In the latter case if two waves 
overlap they summate, as do the responses 
to two stimuli applied at a short interval. If 
one wave falls behind the other it is de- 
pressed unless the interval approaches Ygth 
sec. Thus a wave of either sequence is fol- 
lowed by a depressed phase that tends to oc- 
clude a wave of the other sequence. 

We presume that this driving of a ‘‘sponta- 
neous’’ sequence by a stimulated sequence is 
essentially the same as the ‘‘doubling’’ of 
response in the rabbit as observed by Fields 
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duction of amplitude, although more com- 
monly only a few such diphasic responses 
occurred. The diphasic waves finally became 
again monophasic surface-negative and of low 
amplitude. From the form of the waves we 
conclude that at a sufficient increase of excit- 
ability the elements involved conducted down- 
ward toward their cell bodies, which as far 
as we have been able to see does not occur 
in the usual preparation less intensely activ- 
ated by the stimulus sequence. On cessation 
of stimulus these diphasic waves have ceased 
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Fig. 9 
Spindle initiation by stimuli. Stimulus middle suprasylvian, leads 5 mm. 


anterior. 


Upper and middle records, single stimuli repeated at 5 and 


10/sec. rates, as marked below records. The first response to stimulation 
of each series appears to be a short-latency type I, and the second re- 
sponse widens and shows a later peak, to indicate the recruitment of a 
longer-latency recruiting response. Later waves of the second and third 
responses in middle record cannot be accounted for, unless they represent 
attempts at spindle initiation in a very active preparation. Lower record, 
a series of 3 shocks is repeated 3 times; first response large and apparently 
represents a well developed type II response which recruits. In each record, 
a spindle develops or persists after last stimulus. Calibration 1 mV. 


et al. (1949) and King et al. (1953), which 
in that animal finally continued after cessa- 
tion of stimulation as a free-wheeling par- 
oxysm. We have not been able to induce par- 
oxysm by our techniques in the cat but we 
think we have approached this. 

In a few very active preparations a re- 
eruiting sequence, commencing as a series of 
simple surface-negative waves in response to 
thalamic stimulation at 6/sec., abruptly be- 
came diphasic by development of a second 
or positive phase almost as sharp and as high 
as the negative. This sequence could continue 
for a longer time than that of the usual 
spindle, and remain diphasic after the usual 
recruiting series would have undergone a re- 


without significant afterdischarge. At least 
the phenomenon indicates that a high degree 
of excitability can be induced in these re- 
cruiting structures by strong repetitive stim- 
ulation, to the point of postponing for a time 
the more usual reduction of amplitude which 
for lack of a better term we assign to fatigue. 
This suggests that the ultimate effect of re- 
cruitment of these type II responses may be 
paroxysm. Further evidence in this direction 
will be presented in a study of strychnine 
action on recruiting responses (to be publish- 
ed). 

D. The frequeney of response in recruit- 
ing and in free spindles. 
While we have used routinely as a stand- 


ard 6/sec. repetitive stimulation, in our pre- 
parations a higher frequency up to 10/sece. 
is increasingly effective, in terms of amplitude 
increase of the individual waves. The reason 
for this is apparent if one grants that spindles 
are essentially self-activating recruiting re- 
sponses. During the first few intervals of a 
spindle the frequency is usually about 6/sec., 
after which the frequency progressively in- 
creases up to 10/see. or more. If stimuli are 
applied at a frequency of 6/sec. the first 
sign of a superposed spindle is seen as a 
small wave starting just ahead of a succeed- 
ing stimulus. This second component usually 
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waves as marked with circles tend to follow stimulated responses. 
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Spindle responses during repetitive stimulation. 
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may simply increase in intensity with re- 
peated response and thus fire earlier in its 
development. In the first case one would 
assume that depression and supernormality 
were the extremes of one process; in the 
second they might be considered to be over- 
lapping processes which opposed each other. 

E. Summary of properties of incremental 
responses. 

All of the above relations (A to D) be- 
tween free spontaneous spindles and driven 
incremental responses indicate that these must 
occur in the same structures and that the 
behavior of both sequences is determined by 
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Stimulus within supra- 
sylvian cortex (deeper electrode 1.9 mm. below surface), leads 7 mm. 
anterior, calibration 1 mV. Groups of 3 closely-spaced stimuli are repeated 
6/sec.; the first and last groups are marked. Upper record, ‘‘spindle’’ 


These 


fall earlier in successive intervals, finally about doubling the stimulus 
frequency. After the last stimulus series the spindle continues at this 
higher frequency. Lower record, stimulation continues through abortive 
spindle, in same preparation after partial fatigue. Calibration 1 mV. 


moves earlier in the interval and increases in 
amplitude, as a free spindle may show a 
shortening of the interval between responses 
as the sequence developes. The spindle re- 
sponse in the case of the stimulated sequence 
may move forward until it follows a stimulus 
response by 14th sec. or less peak-to-peak 
time. If now 8/sec. stimuli are applied, the 
extra responses are occluded and recruitment 
is more pronounced than at 6/sec. Actually 
the effect of specific stimulation at 8/see. is 
summated and in phase with the supernor- 
mality following each previously stimulated 
response. 

Kither of two explanations might be 
offered for this increase of frequeney dur- 
ing recruitment. The depression phase may 
shorten, and the supernormal phase then start 
earlier in the cycle; or the supernormality 


the same set of properties. Previous con- 
siderations (I-IV) indicate that the responses 
are those of dendrites of pyramid cells and 
under stimulation are activated by way of 
synapses from unmyelinated fibers. While 
we cannot exclude the possibility that recruit- 
ment such as occurs at the cortical recording 
locus occurs also at the stimulated loci in 
thalamus (Arduini and Terzuolo 1951) or in 
the stimulated loci of cortex at a distance 
from the recording site, and in fact consider 
a priori that this is probable, these cortical 
waves ean show their usual characteristics 
when fiber paths in white matter are stim- 
ulated, and even following direct stimulation 
at the cortical surfaces. They are inferred in 
such eases to be functions of the cortical locus 
where recorded, and to be conditioned by the 
properties of synaptic regions. It may be that 
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Fig. 11 

(A) Interaction between responses from different paths afferent to cortex. Cortical stimulus, 
single shocks, 7.5 V. at 6/sec.; lower electrode 2 mm. deep within cortex of posterior area 
of suprasylvian gyrus. Thalamic stimulus, double shocks 15 V., 10 mm. deep at surface of 
pulvinar or M.D. Leads across suprasylvian gyrus 6 mm. anterior to cortical stimulus locus. 
Record 1, cortical stimulation (C) continues throughout record; thalamic stimuli (T) are 
applied ahead of cortical stimuli during the period terminated by last TC. Cortical response is 
depressed. 2, similar to procedure in 1, except that thalamic stimuli are applied to fall after 
cortical, and near end of record C is discontinued and two responses to T alone are shown. 
The thalamic recruitifNg series is depressed as compared to that at the start of record 4. 3, 
as in 2, but cortical stimulus, 10V., continues throughout record, and thalamic stimulus falls 
later after cortical during the period indicated. The same effect is induced as in 2. 4, after 
responses to thalamic stimulation (which continues throughout record) have levelled off in 
amplitude, cortical stimuli are applied about half way between thalamic stimuli. Response 
to thalamic stimulation is depressed by cortical stimuli but recruits slightly, and recruits again 
after cessation of cortical stimulation. 


(B) Electrode arrangement as above. Record 1, thalamic stimuli 15V. One pair of stimuli 
is followed by spindle. 2, a single cortical stimulus of 7.5V. initiates spindle. 3, cortical 
shocks at 6.1/sec., throughout record; ‘‘spindle’’ waves (marked by circles) develop and 
die away during continued stimulation, somewhat like spontaneous spindles; i.e., the stimuli 
drive spindle responses. 4, same as 3 except for stimulation rate of 7.7/sec. 5, thalamic 
stimuli, 7.7/sec. In 4 and 5, ‘‘spindle’’ waves develop during continued stimulation; but unlike 
those developing in 3, these show variable intervals from the stimulated responses and may 
even sum with them (as at X in 4), as though the ‘‘spindle’’ sequence may become inde- 
pendent.of the st:mulated sequence, Calibration 1 mV. 
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the spontaneous spindles are also triggered or 
even driven by similar sequences in other than 
the locus recorded from, but we have not 
examined this. 


the conditions of the present work (unfor- 
tunately no technique has been developed to 
record from single dendrites in cerebral cor- 
tex). Occasionally regions are found whose 
stimulation induces one or the other of these 
types predominantly. In rarer instances two 
such stimulated regions activate one locus of 
cortex differently. The two sequences can 
then be observed separately or together in the 
same leads. A further requirement is that the 


VI. Relation between incremental and decre- 
mental responses. 


It has been stated above that types I and 
II responses are similar in that both show sum- 
mation to high frequency stimulation, and 
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Fig. 12 

Interference between response series from cortical stimulation at 25V., tip 2.2 mm. below 
surface of suprasylvian, 6.7/sec., and from white matter stimulation (presumably of internal 
capsule fibers), 10.5V., 7.5 mm. deep under lateral gyrus medial to lead locus. Leads from 
striate area of lateral gyrus. From anatomical considerations the two paths activated should 
not have included the same fibers. 1, recruiting series from deep white stimulation (W) 
at 6/sec. which continues throughout record; 2 cortical stimuli added (C), falling shortly 
before the white stimuli. Marked depression of the white stimulated responses follows cortical 
stimulation, with recovery when the latter is stopped. 2, cortical stimulation is continuous 
except for absence of last 2; as indicated, white series added at same intervals after cortical 
as in upper record, and persists to end of record. (First response to C shown in strip here 
is fourth of the stimulated sequence.) The same depression of responses to white stimulation 
occurs, and with apparent facilitation of responses to cortical stimulation, due to long interval 
W to C permitting supernormality following W to increase the responses to C. The cortical 
sequence alone decreases, and consists chiefly of type I responses. The deep white responses 
(type II) recruit strongly after cessation of cortical stimulation. 3, time relations of 
stimuli reversed, deep white stimulations precede cortical, and recruit sharply. Both stimuli 
continue throughout record. Responses to cortical stimulation decrease more rapidly than if 
not preceded by white (see start of 2), as white. recruitment developes, then increase as 
amplitude of recruiting in deep white series falls off after its maximum. Calibration 1 mV. 


thus show no absolute refractoriness, and that 
both show relative refractoriness or depres- 
sion following response; and that they differ 
in that only the type II responses exhibit the 
supernormal phase that accounts for recruit- 
ment. Since their properties indicate a den- 
dritic origin for both, the question rises 
whether there are two classes of dendrites in- 
volved synapsing with two types of afferent 
fibers, or whether both types of fibers synapse 
on the same dendrites but with different 
results. 

Three tests of this could be devised within 


decremental sequence shall not decrease too 
abruptly to permit an adequate test. The 
coincidence of all these conditions is rare in- 
deed, but the following tests are then possible. 

First the two regions can be activated 
simultaneously and the degree of summation 
of each pair of waves examined. However, 
this is conclusive only if the sum of the 
two waves falling simultaneously is greater 
than the sum of responses recorded separately. 
Since any two non-refractory processes add 
completely if overlapping in time whether in 
the same or in different elements, 100 per 
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cent addition is not conclusive. The variations 
in these records against their background of 
other cortical activity renders this test equi- 
voeal. 

Second, one or more stimuli of one se- 
quence can be interposed between the re- 
sponses of the other sequence. Stimulating 
each sequence at 6/sec., this would result in 
12 responses per second, probably too high 
a frequency to give reliable evidence. On the 
other hand single stimuli are less critical than 
a repetitive sequence of responses which re- 
eruit on repetition. A compromise was to start 
one sequence well before the other, to permit 
amplitudes of its responses to level off. The 
responses of the other sequenee starting later 
could be timed to fall either earlier or later 
than one half the intervals between stimuli of 
the first sequence. If the second sequence re- 
sponses fell earlier than this midpoint, they 
should be depressed by the response of the 
first sequence, provided both occurred in the 
same dendrites. Figure 11 presents the effects 
of interference between two paths, indicating 
type II responses in the same locus. 

A third test consisted in alternating two 
sequences as above but each occurring at 
4/sec. and both together constituting an ef- 
fective recruiting frequency of 8/sec. The 
results were compared with the records of 
each sequence at 4 and 8/sec. The refractory 
periods of type I responses should outlast the 
stimulus interval and depress type II re- 
sponses ; the supernormal phases of the type II 
responses should increase the type I responses 
if they affected them at all, until the type II 
were themselves depressed by a previous type 
I; whereon the type I might be expected to 
recover more or less. In a preliminary ac- 
eount (Bishop and Clare 1955a) figure 3 
shows an interference which is probably of this 
type. A second case is presented in figure 12 
herewith. 

An obvious explanation of interaction be- 
tween these two types of responses would be 
that they occupy different but not too distant 
regions of the same structures; and the re- 
spective properties of the two systems of re- 
sponses suggest that these loci are the sy- 
naptie regions of dendrites on which two dif- 
ferent types of fibers terminate. We can think 
of no other probable explanation, unless one 
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assumes that two systems of dendrites lying 
parallel affect each other, either electro- 
tonically (Gerard and Libet 1939) or by some 
functionally effective contact of the nature of 
a synapse. Certain phenomena of the spread 
of activity from dendrites electrically stim- 
ulated at the cortical surface during the ap- 
plication of strychnine at the stimulated point 
(to be published), would be consistent with 
such an hypothesis. 

That different fibers may make morphologically 
distinctive synaptic contact on one cell is amply do- 
cumented. The Mauthner cell is the best known case. 
The presence of boutons on spinal neuron cell bodies 
and on basal portions of their dendrites, with no 
boutons on dendritic terminal portions is another. 
Similarly Lorente de N6 (1934) found in the 
hippocampus morphologically different distributions 
of fiber terminals from different sources applied 
to different loci of the same neurones. Chang (1952) 
has emphasized the difference between synaptic struc- 
tures on cell bodies and on dendrites. 


VII. Cortteo-cortical paths of potential 
activation. 


When stimuli are applied to the thalamus, 
the responses at the cortical level tend to con- 
sist chiefly of type II slow waves; in many 
records no type I response is visible. When a 
locus of cortex is stimulated, other loci re- 
sponding typically show a type I response, 
and in rare instances this type only or pre- 
dominantly has occurred. More usually both 
types are present, and the first type I re- 
sponse of the series is the most prominent; 
the following I responses either decrease or 
fail to increase. It can be inferred from our 
overall experience that the type I activity, me- 
diated via small myelinated fibers, is a much 
more prevalent component of cortico-cortical 
interaction than it is of thalamo-cortical. 


The majority of our experiments involving 
cortical stimulation has dealt with two such 
paths referred to in section II, 3 and 4. Re- 
sponses of cortex could be considered to be 
activated from other regions of cortex only 
if the stimulus was applied within cortex or in 
white matter immediately below it. More 
deeply placed stimuli could be expected to 
activate fibers from thalamus, callosum, ete. 

Conduction in these two paths was def- 
initely via subcortical white matter and not 
over horizontally running fibers within the 


cortex itself. This was obvious when the stim- 
ulus was in white matter. Even when stimula- 
tion was within the cortex, the response aris- 
ing locally fell off sharply to a distance of 
3 or 4 mm., then increased in amplitude again 
and showed a longer latency up to 6 or more 
mm. distance. Whether the response recorded 
at 3 mm. distance or less was conducted to 
that distance or merely picked up as current 
spread from the stimulated region could 
usually not be determined on account of the 
shock artifact; no delays could be accurately 
measured within this distance. 

For a given stimulus locus the response 
elsewhere was sharply localized at threshold. 
For activation of optic cortex the most ef- 
fective stimulus locus was 2 to 4 mm. below 
the suprasylvian surface but laterally along 
the base of the cortex forming the medial wall 
of the suprasylvian suleus. For activation of 
the anterior suprasylvian region the most ef- 
fective cortical stimulus locus was in the cen- 
tral suprasylvian area or lateral to it, and 
good responses could often be obtained from 
the lateral border of white matter somewhat 
shallower than the optimum depth of stimula- 
tion for optic cortex response. By stimulation 
deeper in the suprasylvian white matter even 
larger responses could be obtained, but there 
the fibers stimulated could have included 
components from a variety of sources. 

These results may have some bearing on 
the interpretation of the spread of activity 
across the cortex following sensory afferent 
stimulation (Lilly and Cherry 1954). Such 
stimulation results in responses having strong 
potential wave components. It seems possible 
that such potential wave responses might arise 
secondarily to the directly aroused activity at 
one locus and spread by way of subcortical 
white matter to adjacent loci, with a time se- 
quence that is a function of distance conduct- 
ed. The area finally responding might then 
be considerably larger than the area to which 
afferent impulses were primarily conducted. 


DISCUSSION 


1. Siqnificance of the recruiting type 

of synapse. 

The classical and presumably the primitive 
synapse between neurones is from axon ter- 
minal to dendrites. 


However, the synapse 
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most extensively studied is that of the bouton 
type of ending on spinal ventral horn neu- 
rones. The one-to-one spike response across a 
Synapse with the time interval of 0.5 to .0.7 
msec. appears to be a function of a direct con- 
tact with the cell body, and the spinal ventral 
horn cell body itself acts in an all-or-none 
manner like its axon. The specific sensory re- 
sponse of cortex also involves cell body all-or- 
none response, with the short synapse time 
again presumably signalizing synapses on cell 
bodies. This type of cell body synapse then 
serves as a by-pass to those more primitive 
types of synapses on dendrites that give rise 
to the decremental and incremental potential 
waves of cortex. 

The type I responses to small myelinated 
fiber stimulation which, as noted above, fail 
to show recruitment, also show no super- 
normal excitability following response, such 
as would correspond to the periodic char- 
acter of the spontaneous spindle or other ryth- 
mic activity. This is most clearly demon- 
strable in responses of the colliculus to stim- 
ulation of the small myelinated fibers of the 
optic tract (above, end of section IV). The 
eharacter of type II responses activated by 
unmyelinated fibers and the supernormal 
phase of excitability which follows each re- 
sponse must be properties of the synapses of 
these fibers with dendrites. Judging from the 
widespread occurrence of rhythmic activity 
in lower as well as in higher forms of animals. 
such synaptic properties are probably of 
general occurrence, and their association with 
unmyelinated axons may be an indication of 
their early origin and primitive character. 

It is at least appropriate that these un- 
myelinated fiber synapses should predominate 
in an upper layer of cortex whose structural 
relations, of axons and dendrites making con- 
tact at a distance from the cell layers or in a 
relatively cell free region, are similar to the 
relations displayed in primitive neuropil 
(Herrick 1933, 1942). It is also of interest, 
from the point of view that these connections 
are primitive ones, that they predominate in 
certain thalamo-cortical paths, as compared 
to the non-ineremental type of synapses of 
small myelinated fibers which are more pre- 
valent in ecortico-cortical paths. Such con- 
siderations warrant further study of fiber 
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size relations in the central nervous system 
comparable to the studies of functional rela- 
tions of fiber size in peripheral nerves, as 
possible clues to the patterns of cortical or- 
ganization. 

We cannot say from experimental ev- 
idence that the fiber ‘‘groups’’ reported here 
are distinctly separate, rather than merely 
ranges in a continuous spectrum of size. The 
differentiation between small myelinated and 
unmyelinated fibers is probably discrete. Re- 
ferring to the optic tract for comparison, its 
two first groups of fibers always show a more 
distinct differentiation in terms of thresholds 
and postsynaptic responses than ean be plot- 
ted out from fiber diameter vs. numbers 
counted in an osmicated cross section (Bishop 
and Clare 1955b). The physiological differen- 
tiation of specific group limits is more equi- 
vocal with respect to two smaller postsynaptic 
responses recorded from the tectum; the later 
appears before the earlier reaches its maxi- 
mum. The difficulties of analysis in dealing 
with small fibers buried in the conducting 
mass of thalamus or cortex are increased by 
the presence of background activity. 

In addition to gross differences of latency 
of slow waves I and II, a range of latencies 
for recruiting responses, extending between 
20 and 40 msec., has been recognized. -Jasper 
(1949) has inferred that the longer latencies 
indicated passage through successive nuclear 
synapses on the route to cortex. Conduction 
in unmyelinated fibers available in cortex 
should be slow enough to account for. the 
shorter latencies up to 20 or 25 msec. 


2. Relations between the various phenomena 
of cortical rhythmicity. 

It is noteworthy that either spontaneous 
10/see. spindles or stimulated recruiting 
waves occlude other spontaneous activity, 
even as they tend to occlude each other (fig. 
11). It is also true that these spontaneous 
spindles tend to occur when the slower alpha 
waves are less prominent, during sleep or un- 
der soporific anaesthetics such as barbiturates, 
and after brainstem deafferentation. This 
tendency of all these activity patterns assign- 
able to dendritic response to mutually occlude 
each other suggests that they all may occupy 
the same structures, the particular patterns 
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depending on conditions of excitability, 
amount of random afferent stimulation, and 
on various interactions of patterns that might 
be applied to one locus. The fact that the 
same locus may show different patterns may 
then indicate, not that there are necessarily 
different sets of neurones at one locus with 
different properties, but also that groups of 
similar neurones may be activated preferen- 
tially in different patterns in the same re- 
gion. Apparently if any one pattern is strong- 
ly represented it tends to dominate all or 
many of the neurones in that locus by oecclu- 
sion of momentarily less effective activation 
patterns. That is, any of the elements present 
in a given region may be accessible to each 
of a variety of patterns from pathways im- 
pinging on that locus, a circumstance which 
is reasonable on other grounds, and the over- 
all result in any given case will be due to the 
summation of, or perhapg interference be- 
tween different patterns. 

As a particular case, one might compare 
the recruiting responses, with their period of 
depression following each response, with the 
responses to stimulation of specific sensory 
afferents which also exhibit a depression phase 
following each response. In the cat, and more 
strikingly in the rabbit, the specific cortical re- 
sponse is followed by a return to at least 
normal excitability after an interval close to 
one alpha wave interval (Bishop 1933; Clare 
and Bishop 1952). These two patterns, alpha 
wave train and afterdischarge to radiation 
stimulation, have similar excitability cycles. 

The general question may then be raised 
whether all such phenomena including. al- 
pha wave, alpha-like after-discharge, recruit- 
ing responses, spontaneous spindles, etc., are 
phenomena occupying potentially the same 
type of elements, but activated in different 
patterns. The immediate problem is, what 
factors might alter the frequency of repetitive 
discharge of such elements, which is the 
chief property with respect to which these 
various patterns differ. For instance, under 
anaesthesia and in otherwise inactive cortex 
the optimal frequency for specific stimulation 
of recruiting rhythmicity is higher than is the 
alpha frequency in a cortex complexly and 
randomly activated. However, the optimal fre- 
quency in a recruiting series initially, when 


POTENTIAL WAVES IN CORTEX 


the intensity of response is low, tends to be 
at approximately the alpha rate. Again after 
each depression period in a sequence, the 
following supernormality rises successively 
higher, and then reaches the response level 
earlier, and the optimal rate of stimulation 
increases. 

One may argue that a background of ran- 
dom activity may slow the optimal frequency 
of response. For instance, if various paths 
terminate on the same elements, depression 
and supernormal phases might be added al- 
gebraically and at random, as can be in- 
ferred from our records of specific two-path 
interference. This would operate to cause 
temporal aispersion of the activity of dif- 
ferent elements prolonging the individual 
wave form, and to keep the excitability from 
recruiting to such a maximum as the spon- 
taneously or stimulated high-frequency spin- 
dles exhibit. Both these factors should act in 
the direction of modifying a recruiting type 
of well-synchronized high-frequency spindles 
toward a pattern of the slower, dispersed type 
of the alpha sequence, with statistically con- 
stant amplitude. 

Finally it is well known that even weak 
strychnine applied to the cortical surface 
tends to reduce other spontaneous activity. 
When the concentration is such that occa- 
sional single strychnine spikes fire, a pro- 
longed state of depression follows each such 
spike that raises the threshold of response to 
stimulation of any cortical afferents in- 
vestigated. On the other hand stimulation at 
6 per see. applied to cortical afferents has 
prevented such spontaneous firing for up to 
13 see. and probably could do so indefinitely, 
in stryehninized cortex which had previously 
been firing spontaneous single spikes at one 
or more per second. Presumably the stim- 
ulated responses occluded the strychnine 
spikes. 

The statement of the above relations is 
equivalent to saying that the excitability cycle 
characterizing the recruiting process is also 
exhibited in other potential wave patterns of 
activity in cortex, but that its particular ex- 
pression may vary with complexity of pattern 
of activation. It is suggested as a tentative 
hypothesis that the essential features of cen- 
tral nervous system rhythmicity are predo- 
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minantly functions of the excitability cycle 
of dendritic synapses, such as may be exhibit- 
ed in relative isolation in the recruiting re- 
sponses of apical dendrites of cortex. 


SUMMARY 


Evidence is presented for two types of 
potential-wave responses of apical dendrites 
of cortex. The shorter-latency of these re- 
sponses decreases when its afferents are stim- 
ulated at 6 per sec. or faster, and the longer- 
latency process increases in amplitude. 

The incremental sequences include the 
classical recruiting waves following thalamic 
stimulation, and similar responses from cor- 
tex to stimulation of other regions of cortex, 
or from stimulating locally at the lead 
position. 

Four groups or size ranges of fibers ac- 
tivating cortex can be differentiated. The 
largest fibers are those of the afferent ra- 
diations to sensory primary projection areas. 
The next smaller activate somewhat similar 
responses in association area cortex when pro- 
jection cortex is stimulated. A third group or 
division activates the decremental short-la- 
teney responses of cortex. The fourth group 
activates ineremental or recruiting waves. 
From its conduction time, the latter group is 
inferred to consist of unmyelinated fibers. 

The recruiting property appears to be a 
function of the excitability cycle of one type 
of dendritic synapse, which shows two periods 
of facilitation. After a first stimulus, a 
second is effective during the 15 msec. dura- 
tion of response to the first, after which a 
period of depression or relative refractoriness 
follows. At one sixth to one tenth sec. this 
depression passes over into supernormal ex- 
ecitability. That is, the repetition of an initial 
stimulus causes an increased response during 
the supernormal phase. 

Spontaneously arising recruiting spindles 
in nembutalized or decerebrate preparations 
show close resemblances to stimulated recruit- 
ing trains, and the interaction of these two 
sequences of waves indicates that they may 
occur in the same elements. In fact what are 
apparently waves of the spontaneous spindle 
type may appear during recruiting responses 
to repetitive stimulation if the freuuency of 
stimulation is less than the frequeney of 
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spontaneous spindle discharge. This pheno- 
menon seems related to that of ‘‘doubling’’ of 
response to each stimulus during repetitive 
stimulation that finally passes over. into 
paroxysmal afterdischarge. 

Certain relations between incremental and 
decremental sequences of waves, when stim- 
ulated at different loci but recorded at the 
same leads across cortex, indicate that the 
two types of response may be those initiated 
at synapses via two afferent paths of dif- 
ferent fiber types, impinging on the same 
dendrites. 


Inferences that seem reasonable will ac- 
count for the alpha rhythm and recruiting and 
spindle responses as processes in the same or 
similar elements, activated in somewhat dif- 
ferent patterns. 
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Activation or ‘‘arousal’’ of the EEG is 
ordinarily thought to be brought about by 
stimulation of the reticular activating system; 
this in turn exerts a diffuse influence upon 
the electrical activity recorded from the entire 
cortex (Magoun 1954). A change in cortical 
electrical activity has been observed, however, 
in the isolated cortical slab after direct stim- 
ulation of the brain stem reticular formation 
(Ingvar 1955), and EEG activation has been 
produced by stimulation of the cut peripheral 
end of the splanchnic nerve (Bonvallet, Dell, 
and Hiebel 1954). This evidence has suggest- 
ed the possible presence of a humoral or vas- 
cular phase in ‘‘arousal’’ or EEG activation. 
The possibility is further supported by the 
observations that both adrenaline (Bonvallet, 
Dell, and Hiebel 1954) and acetyl choline 
(Rinaldi and Himwich 1955) ean _ bring 
about EEG activation when introduced into 
the circulation. Since acetyl choline is not or- 
dinarily present in the blood stream, our at- 
tention was first directed to the role of adre- 
naline in the humoral phase of EEG activa- 
tion. 

Investigations of the effect of adrenaline 
upon the human EEG have yielded conflict- 
ing results. Some observed no effect (Gibbs, 
Gibbs, and Lennox 1937; Gottschalk 1952) ; 
others noted excessive beta activity (Grinker 
and Serota 1941) or, when frequency analysis 
was employed, a shift to faster frequencies 
(Gibbs and Maltby 1943); still others re- 
ported the appearance of slow waves (Green- 
blatt, Funkenstein, Miller, and Rinkel 1947; 
Faure 1949). 

In the anaesthetized cat intravenous adre- 
naline produced a slight ‘‘inerease in the elec- 
trical activity’’ of the cortex (Jasper and 
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Erickson 1941), while in the unanaesthetized 
eat it produced definite EEG activation (Bon- 
vallet, Dell, and Hiebel 1954). In the cat 
anaesthetized with cyclopropane increase in 
the electrical activity confined to the posterior 
hypothalamus has been reported (Porter 
1952), while in the unanaesthetized guinea- 
pig no change was noted (Green and Morin 
1953). Given systemically, adrenaline (and 
noradrenaline) prolonged: the duration of 
electrographic seizures induced by applying 
a shock directly to the cortex (Minz and Do- 
mino 1953) ; applied locally te the cortex, how- 
ever, it produced a marked diminution in the 
amplitude of the spontaneous cortical activity 
(Minz and Rémond 1953). Lastly, adrenaline 
has been observed to exert an inhibitory effect 
upon certain cortical synapses (Marazzi and 
King 1950). 

It seems that adrenaline can produce a 
variety of central effects, many of them ap- 
parently contradictory, depending upon dose, 
mode of administration, particular electrical 
phenomenon under observation, and the man- 
ner of interpreting them. 

In the following studies only a restricted 
eroup of central adrenaline actions were 
examined, but it is hoped that they will re- 
solve at least some of the apparent contradic- 
tions referred to above. At the same time 
these studies may contribute to our under- 
standing of the role played by adrenaline or 
adrenergic substances in certain functions of 
the central nervous system. 


METHOD 


The experiments were carried out on 35 
cats. With a few exceptions, each animal was 
weighed and then anaesthetized with ether. A 
tracheotomy was performed and ether an- 
aesthesia maintained by means of an attached 
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vapor bottle. In the earlier experiments bila- 
teral vagotomy was performed, but this was 
subsequently abandoned since it did not ap- 
pear to modify the results. 


The right sciatic nerve was prepared for 
stimulation, which was accomplished with a 
square wave stimulator connected through a 
stimulus isolation unit. 

The left femoral vein was cannulated 
with a polyethylene catheter whose tip was 
introduced into the inferior vena cava. In the 
other end was inserted a needle clamped to 
a two-way stop-cock so that saline or various 
drugs could be introduced alternately into 
the circulation without disturbing the animal. 

The left femoral artery was tied distally 
and cannulated with a blunt-tipped No. 18 
needle. This was then attached through a 
short length of polyethylene tubing to a 
strain gauge.t The strain gauge was con- 
nected through a strain gauge control unit to 
a DC chopper-type amplifier ? the output of 
which was used to drive the recording pen 
directly. 

The museles overlying the skull were re- 
flected and electrodes (brass screws) intro- 
duced through the skull to the dura. After 
the sinuses had been unroofed one pair of 
electrodes was placed anteriorly on either 
side of the mid-line approximately over the 
motor cortices. The second pair was inserted 
through the coronal suture 2-3 em. to each 
side of the mid-line while the posterior pair 
was located behind them, just anterior to the 
origin of the tentorium. Bipolar recording 
was earried out between the right frontal- 
right central, right central-right posterior, 
and the corresponding positions on the op- 
posite side. The dural leads were connected 
to an AC amplifier and the EEG recorded 
on a Dynograph ink writer. 

When subcortical lesions were to be made, 
the head was mounted in the stereotaxic ap- 
paratus after local anaesthetization of the 
points of contact. Otherwise the head was 
supported in a cloth sling in as natural a 
position as possible. Once the preparation 
was completed, the ether was discontinued 


1 Pressure Transducer, Model P23-4G-255, Sta- 
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and the animal immobilized with a curarizing 
agent; artificial respiration was carried out 
for the remainder of the experiment. 


Subcortical lesions were made by passing 
a coagulating current between a pair of steel 
electrodes, insulated to within 1 mm. of their 
tips and mounted 4 mm. apart on the stereo- 
taxiec carrier. The Wyss high frequency 
generator was used as a current source. 


Three cats were adrenalectomized before- 
hand. This was carried out in two stages, em- 
ploying a lumbar, sub-costal approach. After 
the second stage, each animal was maintained 
on cortisone (10 mg/day, i.m.) until the day 
of the experiment. 


Histological localization of all lesions was 
earried out. The blocks were fixed in for- 
malin, mounted in paraffin and sectioned 
semi-serially. Alternate sections were stained 
with cresyl violet and Luxol blue-cresyl] violet 
(Kliiver and Barrera 1953). 


DRUGS 


Epinephrine hydrochloride (Adrenalin, 
Parke, Davis & Co.). This preparation con- 
tains approximately 99.9 per cent pure L-epi- 
nephrine and less than 0.1 per cent primary 
amine compound.? In conformity with cur- 
rent usage (von Euler 1951) it will be re- 
ferred to as adrenaline. Ordinarily, the com- 
mercial preparation was diluted 1:100, so 
that 1 ce. contained 10 peg, although further 
dilutions were sometimes necessary. An at- 
tempt was made to keep the volume of solu- 
tion injected relatively constant. The higher 
the dilution, the more rapidly the adrenaline 
solution was apt to deteriorate. Preservatives 
(such as ascorbic acid) were not used, but 
when working with high dilutions fresh pre- 
parations were made up frequently from the 
stock solution. 

Levarterenol bitartrate (Levophed, Win- 
throp-Stearns). This is a solution of levar- 
terenol bitartrate monohydrate but dosage is 
expressed as the equivalent amount of levar- 
terenol base. Again in conformity with cur- 
rent usage (Von Euler 1951), it will be re- 
ferred to as noradrenaline. 

Gallamine triethiodide (Flaxedil, Pou- 


3 Parke, Davis & Co., Detroit, Michigan. U.S. 
Patent No. 2,602,818. 
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lenc).t This drug was chosen in preference 
to other curarizing agents for the reasons 
outlined by Bonvallet, Dell, and Hiebel 
(1954). It was given intravenously undiluted 
in doses of approximately 10 mg. as needed. 


RESULTS 


A. Interpretation of the Cat EEG. 

Under different experimental conditions, 
a variety of electroencephalographic patterns 
were observed, ranging from low voltage fast 
activity to high voltage slow waves and 
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tion, the EEG was characterized by very 
rapid activity (30-50/sec.) of intermediate 
voltage (50-100 »V.) and the complete absence 
of any slower super-imposed frequencies. It 
was also seen in most of the animals just as 
they came out of ether anaesthesia. This 
corresponds to the ‘‘activation pattern’’ of 
Rheinberger and Jasper (1937), which was 
described as consisting of low voltage, fast 
activity and was observed after a variety of 
external and internal stimuli all of which 
tended to arouse or alert the animal. For 
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Fig. 1 
Samples of various types of EEG activity observed in the unanaesthetized cat, ranging from 
rapid, low voltage activity (‘‘A’’), to high voltage slow waves and spindles (‘‘D’’). 
Preceding each pattern is an arbitrarily assigned letter of the alphabet, by which that 


pattern is referred to in the text. 


spindles. Almost all the names which one 
might assign to such patterns carry with 
them behavioral or analytical implications 
which at some time or other are undesirable 
or inaccurate. Consequently, those patterns 
which it has proven useful to distinguish in 
the succeeding presentation have been arbi- 
trarily assigned letters of the alphabet and 
are characterized below, including reference 
when possible to the correlation of the EEG 
pattern with behavior or states of conscious- 
ness (fig. 1). 

Pattern ‘‘A’’. Immediately after a nox- 
ious stimulus, such as sciatic nerve stimula- 


1 For which the author is indebted to Mr. W. L. 
Jeffry, of Poulene Ltd., Montreal, Canada. 


this reason, it is often referred to as the 
‘‘arousal pattern’’, but it should be men- 
tioned that its correlation with behavioural 
arousal, while good, is nonetheless not perfect 
(Wikler 1952; Hess 1954). It is also called 
‘*desynechronization’’ or ‘‘ EEG asynchrony’’, 
but objections may be raised to both these 
terms, since they imply mechanisms in the 
generation of the EEG which have yet to 
be demonstrated. 

Pattern ‘‘B’’. Ordinarily the EEG of 
the conscious and alert animal was slightly 
slower in frequency (25-35/seec.) and lower in 
voltage (20-50 »V.) than that described under 
‘‘A’’. The superimposition of slower frequen- 
cies (8-20/sec.) of low voltage occurred at 
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irregular intervals. It was seen in the intact, 
ecurarized cat after milder arousing stimuli 
(tactile, auditory, or visual) and was usually 
maintained continuously when the animal 
was mounted in the stereotaxic apparatus un- 
der local anaesthesia. It corresponds partly to 
the ‘‘activation pattern’’ but contains the ir- 
regular 8-16/sec. superimposed activity de- 
scribed by Hess, Koella, and Akert (1953) as 
characterizing the transition from alertness to 
rest, the 12-15/sece. waves observed by Rhein- 
berger and Jasper (1937) in the relaxed 
animal, and the 10-15/sec. low amplitude ac- 
tivity reported by Clark and Ward (1945) as 
associated with rest. 

Pattern ‘‘C’’. With the animal arranged 
as comfortably as possible and undisturbed, 
brief trains of low voltage slow waves 
(5-8/see.) appeared in the EEG record. This 
state was associated with pupillary constric- 
tion, and as it progressed the amplitude of 
the slow waves increased, the frequency de- 
creased, and these waves occupied more and 
more of the record. The underlying faster 
frequencies (25-30/sec.) still persisted how- 
ever, but were of very low voltage and easily 
overlooked. Finally the record was _ inter- 
rupted intermittently with high voltage spin- 
dle bursts (10-14/see.). This pattern has 
been described by others as characterizing 
rest or drowsiness (Hess, Koella, and Akert 
1953) or beginning sleep (Clark and Ward 
1945). We have observed it under comparable 
circumstances, as well as after small lesions 
of the reticular formation, and following the 
administration of chlorpromazine. 

Pattern ‘‘D’’. This pattern never occur- 
red spontaneously in our animals but could 
be produced consistently by making a lesion 
in the reticular formation at the ponto- 
mesencephalic junction. After the making of 
a suitable lesion, the EEG record became 
converted: into an endless succession of spin- 
dle bursts, between which occurred intervals 
of high or low voltage activity of varying 
frequency. The record resembled the picture 
seen in light sleep (Hess, Koella, and Akert 
1953). Often it differed slightly from the 


characteristic record of sleep in that the spin- 
dle bursts were more conspicuous and the 
slow waves less so. 

In its strictest sense, the term ‘‘EEG 
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activation’’ refers not to any one specific 
EEG pattern, but to the conversion of one 
pattern into another — specifically from 
‘“T)’’ towards ‘‘A’’, or towards the left, if the 
patterns are imagined as being arranged in 
alphabetical order. Conversion in the op- 
posite direction is ‘‘deactivation’’. Thus 
although the end result would not necessarily 
be the EEG of alert wakefulness, a change 
from pattern ‘‘D’’ to ‘‘C”’ is still ‘‘activa- 
tion’’. So is the conversion from ‘‘B’’ to ‘‘A’’, 
even though both of these latter patterns 
might fall into what is generally considered 
the ‘‘activation pattern’’ to begin with. 


B. Effect of Reticular Formation Coagulation 


It is apparent that to study EEG activa- 
tion such as is produced by intravenous 
adrenaline it is: necessary to work with a 
preparation that is not already activated. 
Frequently the intact cat was unsatisfactory 
in this regard and it proved helpful to induce 
‘*deactivation’’ or a shift in the EEG toward 
the slower, higher voltage activity artificially 
by partly destroying the reticular formation 
at the ponto-mesencephalic junction.! 

This was done by inserting the coagulating 
electrodes into the brain stem (stereotaxic 
coordinates: Frontal O; Horizontal —4, the 
tips being 2 mm. to either side of the mid- 
line) and carrying out bipolar coagulation of 
the area described. Immediately after making 
the lesion, bilateral miosis of a maximal 
degree (greater than that seen after section 
of the cervical sympathetic chain) usually 
appeared; the EEG showed marked activa- 
tion (pattern ‘‘A’’). Over the succeeding 5- 
15 min. the degree of EEG activation grad- 
ually lessened, the record passing through 
patterns ‘‘B’’ and ‘‘C’’ to ‘‘D’’. The succes- 
sion of events differed somewhat from that 
seen in spontaneous drowsiness and sleep, in 
that the high voltage spindle bursts appeared 
rather abruptly, often before the appearance 
of much slow activity. 

If the desired degree of deactivation was 
not obtained, it was sometimes necessary to 
enlarge the lesion or move the electrodes 
slightly anteriorly. When the electrographic 


1The author is indebted to Dr. Robert Naquct 
(Marseille, Franee) who introduced the preparation 
deseribed and demonstrated its usefulness. 
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activity of the two hemispheres was not sym- 
metrical, further coagulation on the side 
showing less cortical deactivation was in- 
dicated. Although a lesion which produced 
EEG deactivation always produced miosis 
(provided the oculomotor nucleus was not 
damaged), the converse was not necessarily 
true. 


Once the spindle activity had been properly 
established, the preparation showed remark- 
able stability. EEG activation was not prod- 
uced by ordinary stimuli (touch, sound, light ; 


607 


C. The Effects of Sciatic Nerve Stimulation 


1. The intact, curarized animal (fig. 2) 

Approximately coincident with the appli- 
eation of a brief (1-5 sec. duration) sciatic 
shock, a monophasic high voltage deflection 
appeared in all EEG channels and the EEG 
pattern was converted to that described under 
‘*A’’ from whatever pattern had previously 
been dominant. The EEG pattern faded im- 
perceptibly into that shown under ‘‘B’’ over 
the next 10-30 sec. In those instances in 
which the eat ultimately reverted to the 
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Fig. 2 
This record shows the effects of a brief and relatively mild electrical stimulus (‘‘S’’), 
applied to the sciatic nerve, upon the EEG and blood pressure of an intact, curarized cat. 
Note the immediate EEG activation, and the pressor response within 2.5 see. 
Certain conventions have been observed in this and the following records (fig. 2-8). Channels 
A through D are bipolar recordings of the cat EEG, the electrodes having been placed on the 
dura: A, right frontal-right central; B, right central-right posterior; C, left frontal-left 
central; D, left central-left posterior. Channel E is a recording of the blood pressure; the 
height of the calibrating pulse (‘‘Cal.’’), when present, is equivalent to 55 mm. of Hg. The 
continuous base-line below the blood pressure record is not at 0 but has been raised to 
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between 60 and 90 mm. of Hg. to serve as a more convenient reference line. 


olfactory or gustatory stimuli were not 
tried), and was produced only transiently, 
when at all, by sciatic stimulation, in which 
case the activation often barely outlasted the 
stimulus. Because of the preparation’s insen- 
sitivity to external stimuli, it was possible to 
conduct the experiment under the usual lab- 
oratory conditions and without undue pre- 
cautions as to noise or other disturbances, 
with the assurance that changes in the EEG 
were a consequence only of experimentally 
imposed stimuli and not of accidental environ- 
mental occurrences often beyond the exper- 
imenter’s control. It should be added that it 
was the utilization of this stable but sensitive 
preparation which made possible semi-quant’- 
tative estimations of the effects’ of various 
drugs and procedures upon the EEG. 


record characteristic of ‘‘drowsiness’’ (‘‘C’’) 
slow waves or spindles rarely appeared before 
at least 40-50 sec. had elapsed. Not infre- 
quently EEG activation persisted for several 
minutes, when the record was often seen to 
shift back and forth between patterns ‘‘A”’ 
and ‘‘B’’ at 10-20 sec. intervals. 

A rise in blood pressure was detectable 
between 2 and 38 sec. after the shock ; it rapid- 
ly rose to a peak and then gradually fell off 
over the subsequent 30-60 sec. Sometimes a 
second blood pressure peak or a prolonged 
plateau was superimposed upon the falling 
phase. When the rise in blood pressure oc- 
eurred in two distinct phases (which was 
infrequent even with shocks of high intensity 
and short duration) a second peak of EEG 
activation might also be discernible coincident 
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with the second blood pressure rise. Since 
both rises in blood pressure occurred within 
the first 20-30 sec. after stimulation — when 
EKG activation was still marked — it usually 
was difficult to separate the EEG pattern 
into distinct ‘‘phases’’ with any assurance. 
2. The adrenalectomized, curarized animal 
The pattern and sequence of events in the 
adrenalectomized animal were very similar 
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observed for the EEG activation pattern or 
the pressor response to break up into two or 
more phases. 
3. The animal with mid-reticular 
coagulation , 
Coagulation of the reticular formation at 
the ponto-mesencephalic junction was apt to 
have variable effects upon the response to 
sciatic stimulation, depending upon the exact 


D 
aaah Nad edie ceaicacteredl a4 1" 11113) oda cideasdeencteee i cabehania inaataed ttpcamtenca dae hereeaeetaeh damuatnar idl cased aims beeen eo 


E RIAA AU ACAVAVAVAVAVAVAVAVAVAVASAVATACAVL VA VAMANAVAVAT PLVAVANAUS 
PIS ADRDAAAL LTD DADRAR ADI 


how 7) 
e 


S 4 


rheyeinnsl aetna ln hunt ateemnitiimainaliryyinbarvhuenibriiarnndnanennlen inl My ntdataterdn 


Mateo penedir ns e/a ere a MA Raye myer mbiiey Wr MeWdnit hy a fa tia Vay yi hadi Y ww ad v Wal'ty ¥ a Ay wy v y Yr 


marketer floc ilenannnsvirong llfrernen 


Fig. 3 
The effect of sciatic stimulation after mid-reticular coagulation. EEG activation does not 
outlast the stimulus (‘‘S’’) and is observed only in channel A. Approximately 12-13 sec. after 
the beginning of the stimulus (shortly before point ‘‘P’’), a second period of activation 
appears in channels A, B, and D, and lasts for 16 sec. The pressor response is unchanged. 


to those described for the intact cat. The 
EEG activation was as intense and lasted 
for about as long. The blood pressure rise 
occurred promptly and was fully as great. 
However, the superimposition of a second 
peak or a prolonged plateau upon the falling 
phase was never observed ; nor was a tendency 


size, symmetry and location of the lesion. 
(a) When the coagulation was small and the 
effect upon the EEG incomplete, i.e., conver- 
sion to the pattern described as ‘‘C’’ but not 
‘*T)’’ the response to sciatic stimulation might 
remain quite intact. (b) Frequently, 
EEG response was only somewhat shorten: 


while the pressor response was completely 
abolished. (c) With more extensive lesions, 
the: pressor response was abolished and the 
EEG effects were reduced to a brief effect 
not outlasting the stimulus or were abolished 
altogether. (d) Rarely, the pressor response 
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D. Effects of Intravenous Adrenaline 
Administration 
1. The intact, curarized animal. 
Adrenaline was administered intravenous- 
ly through a polyethylene catheter introduced 
into the inferior vena cava, so that the drug 
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Fig. 4 
Effect of the intravenous injection (‘‘I’’) of 8 ywg/kg. of adrenaline in the same prepara- 
tion illustrated in figure 3. This brings about EEG activation (at point ‘‘P’’) similar in 
appearance and timing to the second period of EEG activation shown in figure 3, indicating 
that the endogenous release of adrenaline could have been responsible for the late phase 


in figure 3. 


would remain quite intact, but the EEG 
effects were delayed. In this last instance, 
the EEG activation usually appeared 12-13 
sec. after the sciatic shock and lasted 15-30 
see. (fig. 3).1 


1EEG activation similar in delay and duration 
was produced in the same animal by the intravenous 
administration of 8 yg/kg. of adrenaline and is 


illustrated in figure 4. This subject is taken up in 
detail in the following section. 


would enter the circulation at approximately 
the same site as it does normally when dis- 
charged from the adrenal glands. It was 
given rapidly in approximately 1 cc. amounts 
followed with an equal amount of physio- 
logical saline. In those instances where the 
animal appeared to be roused by the injec- 
tion itself, saline injections were repeated 
until the animal ceased to respond to the 
procedure. 
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Whether or not any EEG could be detect- 
ed after intravenous adrenaline depended 
primarily upon the background activity and 
to a much lesser extent upon the dosage. 
Working against a background of ‘‘arousal’’ 
it was quite difficult to detect any effect at 
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Upon a background containing a certain 
amount of EEG ‘‘synchrony’’ (pattern 
‘‘C’’), adrenaline was capable of causing 
ERG activation, i.e., it produced a conversion 
to the ‘‘B’’ pattern (but never to ‘‘A’’). 
This effect usually appeared 10-11 sec. after 
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Fig. 5 
Effect of the intravenous injection (‘‘I’’) of 5 ywg/kg. of adrenaline upon the EEG of an 


intact, curarized cat. Alternating phases of EEG activation and deactivation are seen. 


pressor response begins at about 7.5 sec. 


all; the most noted was a slight increase in 
frequency and a disappearance of some of 
the slower (8-20/sec.) frequencies that occur 
from time to time. It was often difficult to 
be certain about changes of so slight a magni- 
tude and quite impossible to time or otherwise 
measure them. It should be emphasized that 
although sciatic stimulation was always able 
to convert ‘‘B’’ into ‘‘A’’ and thus to impose 
a clear-cut activation upon an _ already 


‘‘aroused’’ record, adrenaline could not do 
so, no matter what the dosage. 


The 


the beginning of the injection and was 10-40 
sec. in duration. 

Although EEG activation was the most 
conspicuous effect of adrenaline, it gradually 
became apparent that this was not the only 
effect. Under the proper circumstances, it 
was possible to observe the opposite effect 
from adrenaline, i.e., ‘‘deactivation’’ or an 
increase in high voltage slow activity, even 
with the appearance of spindles. 

Figure 5 shows that pattern produced by 
4 pe. of adrenaline in a suitable preparation. 


Between 5 and 9 see. after the injection there 
was disappearance of the 5-8/sec. slow waves, 
revealing an underlying fast frequency of 
27/see. The slower frequencies then returned 
and remained until 17 sec., at which time 
ERG activation again supervened and pre- 
vailed until 48 sec. after the beginning of 
the injection, when the record reverted back 
to that seen before the injection. While this 
particular pattern might appear fortuitous, 
it was repeated with minor variations in tim- 
ing four times in the succeeding half hour. 

Although the very early (within 5-9 sec.) 
excitatory phase of adrenaline was not often 
seen, an inhibitory phase both before and 
after the main excitatory phase of adrenaline 
was almost the rule when dealing with the 
intact animal. Its detection however requires 
a preparation in just the right degree of 
‘‘arousal’’?’ — if the animal is too aroused 
(pattern ‘‘A’’) the inhibitory effect of adre- 
naline is generally too feeble to affect the 
record, while if the animal is quite ‘‘drowsy’’ 
and shows considerable EEG hypersynchrony 
a slight increase in slow waves and spindles 
may easily pass unnoticed. In some instances 
adrenaline produced a series of alternating 
phases of activation and deactivation gradual- 
ly approaching the pre-adrenaline level of 
EEG activity. In cats with a background 
activity of the ‘‘B’’ type, where it is difficult 
to detect much further activation from ad- 
renaline, the deactivation or inhibitory phase 
often appeared quite clearly 40 or 50 see. 
after the injection, ushered in with sudden 
spindle bursts and slow waves. 

The smallest amount of adrenaline able 
to produce a clear-cut EEG effect was 2 
pe/kg.; The usual dose was 5-8 pg/kg., and 
little was to be gained by exceeding this. 
Since, as mentioned above, minimal responses 
are difficult to quantify in the intact animal, 
no attempt was made to find the threshold 
dose. 

Under the above cireumstanees, adrenaline 
initiated an abrupt rise in blood pressure 
beginning 7-8 sec. after the onset of the injec- 
tion, and lasting a variable period thereafter, 
depending upon the dose. Smaller amounts 


of adrenaline produced a rather small rise 
in blood pressure followed by a longer fall. 
In summary, intravenous adrenaline pro- 
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duces a series of alternating periods of EEG 
activation and deactivation. Shortly after the 
injection, when the blood and brain content 
of adrenaline are presumably rising rapidly, 
these phases are passed through quickly and 
may be missed, the record assuming the 
dominant activated pattern. Then as the 
adrenaline level slowly falls, the activated pat- 
tern gives way to one of alternate activation 
and deactivation or that of deactivation alone. 


Although the phase of activation usually 
follows by 4-5 sec. the rise in blood pressure, 
occasionally a brief early phase of activa- 
tion precedes the blood pressure rise (see fig. 
D). Likewise, although the early phase of 
deactivation is usually synchronous with the 
onset of the blood pressure rise, the late phase 
of deactivation often occurs when the blood 
pressure has returned to normal or is sub- 
normal. Thus it is seen that neither activa- 
tion nor deactivation bear any fixed relation 
to the level of the blood pressure or changes 
in it. 

2. The adrenalectomized animal. 

The response to adrenaline of the adrenal- 
ectomized, cortisone-maintained animal did 
not differ from that of the intact animal. 


3. The animal with mid-reticular 
coagulation. 


(a) Pattern of the Response 


Depending on the extent of coagulation, 
such animals showed either the EEG pattern 
described under ‘‘C’’ or, more frequently, 
that under ‘‘D’’. When the amount of co- 
agulation was small and pattern ‘‘C”’ pre- 
dominant, the effects of adrenaline were in 
all respects comparable to those observed in 
the intact, spontaneously drowsy animal show- 
ing a similar EEG background; both the 
activation and deactivation phases were ob- 
served. 


With more extensive lesions in the retic- 
ular formation, the background pattern was 
that described under ‘‘D’’. In such animals 
it was impossible to detect any phase of de- 
activation, presumably because the back- 
ground was already that of maximum high 
voltage slow activity. As a result, the phase 
of EEG activation stood out very clearly, 
being marked by a rather abrupt cessation 
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of spindles and slow waves and the appear- old. Typical results are illustrated in the 
ance of fast, low voltage activity (usually protocol from an 4 kg. male cat (RC 28) sub 
pattern ‘‘B’’). Activation characteristically jected to mid-reticular coagulation: 

appeared 8-14 sec. after the beginning of the 


injection of a moderate dose of adrenaline and 447enaline a ee and end of B.P. 
lasted from 40-80 sec. At the end of the a pgs 03 = iat 
response, spindles and slow activity abruptly of injection) 
Pa rei agile: oP ggiy tories ieee 9-60 see. rise at 7.5 see. 
g ponse or timing it (fig. 6). BQ «¢ 10-47 «« mes sy 
The effect of adrenaline upon blood pres- 2.5 6c 10-45 <¢ 6c ‘é 
sure in the animal with mid-reticular coagula- 90 «6 13-42 «< 1 oe 
tion was no different from that in the intact 1.0 ¢ 10-28 ¢ ce “c 
animal, and the coagulation procedure itself 0.5 * 9-24 <6 6 6 
did not change the blood pressure. 0.25 °* 12-23 ‘* fall at 18 sec. 
0.20 *§ 23-38 ‘ a 20 <6 
(b) Adrenaline Threshold 0.15 <¢ no effect no effect 
Because of the clear-cut nature of the | 
activation response and the stability of such Thus as smaller and smaller doses of ad- 


a preparation over many hours, it was pos- renaline were given, the period of activation 
sible to reduce the adrenaline dosage progres- characteristically became shorter and shorter 
sively in an attempt to determine the thresh- but its time of onset for any one cat changed 
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Fig. 6 
Effect of the intravenous injection (‘‘I’’) of 5 wg/kg. of adrenaline upon the EEG of a 
eat with mid-reticular coagulation. Only the activation phase is seen and it lasts from 10-32 
sec. after the beginning of the injection. The EEG activation consists of a shift from 
pattern ‘‘D’’ to ‘*B’’. The pressor response is similar to that seen in figure 4. 
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very little; this was true until the threshold 
was approached, when the time of onset sud- 
denly shifted and occurred later. 


The above protocol also illustrates several 
other characteristics of the adrenaline re- 
sponse of the cat with mid-reticular coagula- 
tion. The threshold for adrenaline was often 
surprisingly low (in this instance, 0.05 pg/kg.) 
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sponse against a deactivated EEG back- 
ground. 

(c) Intensity of Response 

Although the usual effect of adrenaline 
is to convert the EEG pattern from ‘‘D’’ to 
‘‘B’’, oceasionally, it is converted to ‘‘A’’, 
the degree of activation (in frequency and 
amplitude) quite comparable to that observ- 
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Fig. 7. 
Effect of the intravenous injection (‘‘I’’) of 8 wg/kg. of adrenaline upon the EEG of a 


eat with mid-reticular coagulation. 


EEG activation begins about 16 sec. after the beginning 


of the injection and is very intense, constituting a shift from pattern ‘‘D’’ to ‘‘A’’, 


and EEG activation still occurred with doses 
of adrenaline too small to produce any rise 
in the blood pressure, when activation often 
preceded a fall in B.P. The threshold il- 
lustrated above was the lowest observed, but 
thresholds for similar preparations of 1 
pe/kg. or less were not unusual. It appears 
then that the sensitivity to adrenaline of the 
animal with the brain lesion can be greater 
than that of the intact cat. Part of this may 
be due to the greater ease of detecting a re- 


ed immediately after a painful stimulus in 
the intact cat. This is illustrated in figure 7. 
EEG activation from adrenaline this intense 
(to pattern ‘‘A’’) has never been seen in 
the intact animal and has been most frequent- 
ly observed in cats with rather extensive 
reticular coagulations. It seems necessary to 
conclude then that mid-reticular coagulation 
may either lower the apparent threshold to 
adrenaline, or increase the intensity of the 
response, although rarely both in any one eat. 


(d) Effect of Further Coagulation of the 

Mesencephalic Tegmentum upon the 

Threshold and Pattern of Adrenaline EEG 

Activation; Unilateral Electrographic 

Arousal 

It was observed that, in general, the more 
extensive the coagulation of the brain stem 


necessary to produce the desired EEG back- 
ground, the higher the threshold to adrenaline. 


A 
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Some hours after the original adrenaline 
threshold was determined (the noradrenaline 
threshold having been measured in the mean- 
time), the adrenaline threshold was again 
determined and found to lie between 0.20 and 
0.25 we., ie. searcely different from the 
original determination. Brain stem coagula- 
tion was then performed 3 mm. anterior to 
the original lesion and on the left side (co- 
ordinates F + 3, L2, 6 (left), H—2), and 
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Fig. 8 
Effect of the intravenous injection (‘‘I’’) of 5 ywg/kg. of adrenaline upon the EEG of a 
cat in which coagulation of the left half of the mesencephalic tegmentum had been performed. 
Intense EEG activation is noted on the EEG recorded from the right cerebral hemisphere 
(channels A and B) but no change is apparent in the recordings from the left hemisphere 
(channels C and D). 


Since the adrenaline sensitivity even in intact 
animals is seen to vary somewhat, further 
evidence was sought on the correlation be- 
tween the amount of mesencephalic reticular 
formation left intact and adrenaline sensi- 
tivity. This was done by progressively de- 
stroying the mesencephalic tegmentum, ad- 
vaneing the coagulating electrodes rostrally 
in 2 mm. steps, unilaterally or bilaterally. 
The following is abstracted from the same 
experiment cited above (RC 28) : 


the threshold again determined. Five pg. of 
adrenaline produced. only right-sided EEG 
activation, but 15 yg. produced a bilateral 
response. Coagulation was repeated (at F + 
7, L2, 6 (left) H O), whereupon it was found 
that 15 pg. of adrenaline produced activation, 
but on the right side only, and that it was 
impossible to produce bilateral activation with 
any reasonable dose. An illustration of this 
unilateral EEG activation to adrenaline is 
given in figure 8. 
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The above data, along with the results 
from other experiments in which lesions were 
made in the mesencephalic tegmentum in sim- 
ilar fashion or bilaterally, allow one to con- 
clude that the adrenaline sensitivity of such 
a preparation is roughly directly proportional 
to the amount of mesencephalic tegmentum 
left intact, and that by progressively destroy- 
ing this region in a rostral direction, the 
threshold is progressively raised. Further- 
more, if the lesion is made unilaterally, the 
threshold will be raised higher ipsilaterally 
than contralaterally, i.e., if the lesion is con- 
fined to the left side of the brain stem, it 
will require a higher dose of adrenaline to 
produce both left and right-sided cortical 
activation than right-sided activation alone. 
Lastly, if the bilateral lesions are advanced 
sufficiently rostrally, the response will disap- 
pear altogether; a comparable unilateral 
lesion will abolish the electrographic response 
to adrenaline of the ipsilateral cortex only, 
although it will raise the threshold of the 
contralateral cortical EEG response some- 
what. 


F. Effects of Noradrenaline Administration 


Early in the course of these experiments 
it was observed that noradrenaline had an 
EKG activating effect indistinguishable from 
that of adrenaline. Subsequently attempts 
were made to measure the adrenaline and 
noradrenaline threshold in the same prepara- 
tion in order to compare the two substances 
quantitatively. Within the limits of error of 
the method (probably no greater than 50 
per cent) it is possible to state that equal 
weights of the two substances have approxim- 
ately equal effects upon the EEG. Further- 
more by using the two drugs alternately and 
gradually reducing the dose towards the 
threshold level the minimum effective dose 
eapable of producing EEG activation was 
also found to be the same for the two drugs. 


The effect upon blood pressure was of 
course not the same. The pressor effects of 
noradrenaline were greater in magnitude and 
duration than those of equal doses of adren- 
aline. While the minimum dose of adrenaline 
producing EEG activation sometimes pro- 
duced no blood pressure change or a fall, the 
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equivalent dose of noradrenaline always still 
produced a slight rise. 

The effects of noradrenaline were com- 
parable to those of adrenaline in the intact 
animal and the preparation with mid-reticular 
coagulation. Brain-stem lesions which abolish- 
ed the EEG response to adrenaline either 
unilaterally or bilaterally abolished the re- 
sponse to noradrenaline likewise. Since most 
of the experience with noradrenaline has been 
confined to animals with reticular coagula- 
tion and since quantitative estimation of the 
inhibitory or deactivating effect of adren- 
aline or noradrenaline is unsatisfactory in this 
preparation, no comparison of this effect of 
the two drugs was attempted. 


DISCUSSION 


A. EEG Activation by Adrenaline; Site and 
Manner of Action 


EEG activation is not only a concomitant 
of behavioral arousal but may be produced 
specifically by electrical stimulation of cer- 
tain well-cireumscribed portions of the central 
nervous system, in particular the bulbar retic- 
ular formation, the pontine and mesencephalic 
tegmentum, subthalamus and dorsal hypo- 
thalamus (Moruzzi and Magoun 1949). It is 
only natural that attention should be drawn 
to these regions, collectively called the retic- 
ular activating system, as a possible site for 
adrenaline action. If such should prove to 
be the case, it would be important to dis- 
tinguish an action of the drug directly upon 
this neurai substrate from any indirect effect 
mediated through one or more of the many 
sensory pathways that are known to play 
upon it. By progressively sectioning the 
brain stem in a rostral direction, Bonvallet, 
Dell and Hiebel (1954) were able to show 
that adrenaline EEG activation persists until 
intercollicular section is performed, proving 
that the medulla and pons were not indispen- 
sible for this response, but that some struc- 
ture at the collicular level was. 

We attempted to localize this responsive 
area as accurately as possible by making re- 
stricted lesions in the midbrain and dienceph- 
alon, or by injecting very small quantities of 
adrenaline directly into this same structure 
(the results of these investigations will be 
reported subsequently). Coagulation of the 
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tegmentum at the ponto-mesencephalic junc- 
tion did not abolish the response to adren- 
aline; it lowered the threshold if anything. 
Other animals with similar or larger lesions, 
whose adrenaline threshold was not neces- 
sarily low, nonetheless showed an unusually 
intense activation from adrenaline (pattern 
‘“‘A’’), This seems to correspond to the 
findings of Bonvallet, Dell, and Hiebel (1954) 
who noted a particularly marked adrenaline 
ERG activation after pre-bulbar brain stem 


section. . 
Sufficient destruction of the mesencephalic 


tezmentum in a rostral direction was capable 
of abolishing the EEG response to adrenaline 
altogether, showing that the integrity of this 
region is necessary for the adrenaline action, 
and demonstrating that adrenaline acts upon 
it, or at least through it. Partial destruction 
of this region simply raises the threshold to 
adrenaline in a manner rather proportional to 
the extent of the lesion, suggesting that each 
portion of this region makes a contribution 
to the total response. Unilateral coagulation 
of the mesencephalic tegmentum 1s capable 
of abolishing the response to adrenaline 
strictly ipsilaterally, the other hemisphere 
serving as an excellent control. The system 
is apparently uncrossed between the mid- 
brain and cortex. 

The above evidence shows that the mech- 
anism of adrenaline EEG activation is not 
to be sought in any diffuse cortical effect, 
either upon the blood vessels or the nervous 
elements, but rather is dependent upon a 
fairly circumscribed portion of the brain 
stem. The ways in which adrenaline might 
affect this region will be considered. sass 

Electrographic activation by adrenaline 1s 
not the consequence of a rise in blood pres- 
sure. The EEG changes sometimes precede 
by several seconds the pressor response; ac- 
tivation often disappears during the phase of 
rapid blood pressure increase and returns as 
the pressure is gradually falling. When using 
very small doses of adrenaline EEG activa- 
tion may be accompanied by no discernible 
alteration in blood pressure or a fall rather 
than a rise. 

The EEG response to adrenaline is un- 
likely to be due to effects upon cerebral blood 
vessels or blood flow. Adrenaline and nor- 
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adrenaline generally have the opposite effect 


upon blood vessels, the former being pre- 
dominantly vasodilator, the latter vasocon- 
strictor (Goldenberg et al. 1948); at those 
sites where their actions are similar ( coronary 
vasodilatation, and_ skin vasoconstriction), 
their effects are not quantitatively the same. 
Adrenaline produces an increase in total 
cerebral blood flow, whereas noradrenaline 
causes a decrease (King, Sokoloff, and Wechs- 
ler 1952). Despite all these important dif- 
ferences, these two agents have, on a weight 
basis, indistinguishably similar effects upon 
the EEG. Moreover very small doses of bar- 
biturates, which have no perceptible effect 
upon the vascular responses, block EEG activ- 
ation altogether (Bonvallet, Dell and Hiebel 
1954). Although a restricted local vascular 
action cannot be ruled out until it is possible 
to study the effects of all these drugs spe- 
cifically upon brain stem blood flow, such 
a mechanism does not at present account 
satisfactorily for the central effects of adren- 
aline. 

The stimulating effect which adrenaline 
has upon the metabolism of tissues in general 
and upon cerebral oxygen consumption in 
particular also fails to account for the EEG 
activation, for while noradrenaline is just as 
effective as adrenaline in producing EEG 
activation, it is much less active metabolically 
(Reale et al. 1950; King et al. 1952). 

It can be argued that adrenaline might 
produce some peripheral sensation which, 
firing into the reticular formation, would in 
turn arouse the animal. However, the pre- 
paration with mid-reticular coagulation is less 
responsive to ordinary stimuli such as light, 
touch, or sound, and much less sensitive to 
pain than the intact cat. Nevertheless, such 
preparations are often more sensitive than 
the intact cat to the EEG effects of adren- 
aline. Moreover, Bonvallet, Dell and Hiebel 
(1954) have demonstrated EEG activation 
from adrenaline in the ‘‘cerveau isolé’’ pre- 
paration. 

By its action, adrenaline sets in motion a 
number of reflex readjustments, principal 
among which is stimulation of the carotid and 
aortic pressoreceptors. However the effect 
upon the EEG of stimulating these receptors 
has been shown to be inhibitory, i.e., deactiva- 
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tion (Bonvallet, Dell, and Hiebel 1954), thus 
searcely accounting for adrenaline’s predom- 
inantly activating effect. 

There is every reason to believe then that 
adrenaline exerts its effects directly upon the 
neural elements themselves, rather than in- 
directly through vascular, reflex, or sensory 
mechanisms. Furthermore, the only neurones 
which appear indispensable are those located 
primarily in the mesencephalic tegmentum, a 
region where electrical stimulation will pro- 
duce precisely the same effect, EEG activa- 
tion. All the evidence suggests that noradren- 
aline acts in the same manner and is about 
equally effective. 


B. Participation of the Adrenal Glands ; 
Delayed Arousal 


Bonvallet, Dell and Hiebel (1954) have 
shown quite clearly that EEG activation may 
result not only from injections of adrenaline 
but also from endogenous adrenaline released 
by splanchnic nerve stimulation. Further- 


more they have shown a late phase of EEG 
activation which appears following sciatic 


stimulation when the immediate activation 
had been abolished by pre-bulbar section; it 
has about the same delay (10-15 sec.) as that 
following adrenaline injection or splanchnic 
stimulation. Since sciatic stimulation is known 
to produce discharge of adrenal medullary 
hormones (principally adrenaline rather than 
noradrenaline, von Euler and Folkow 1953) 
it is likely that this late phase is due to 
endogenous adrenaline release. A similar pat- 
tern has been seen after brain stem coagula- 
tion (fig. 3) when the immediate response to 
sciatic stimulation has been sufficiently re- 
duced to allow the late phase to stand out 
clearly (compare with fig. 4). It is not seen 
more often after mid-reticular coagulation 
most probably because the lesion frequently 
involves the rostral pons where the adrenaline- 
release reflex center has been localized by 
Cannon and Rapport (1921) ; thus after mid- 
reticular coagulation both the pressor and 
adrenaline-release reflex responses to sciatic 
stimulation are often absent. 

An attempt was made to assess the con- 
tribution of the adrenals to the EEG response 
which follows sciatie stimulation by studying 
the same response in adrenalectomized ani- 


mals (two intact and one with mid-reticular 
coagulation). After sciatic stimulation EEG 
activation occurred promptly and lasted as 
it did in their non-adrenalectomized counter- 
parts (0-60 sec.) ; EEG activation to injected 
adrenaline occurred as in the non-adrenal- 
ectomized animals (10-40 see.). It is apparent 
that the purely neural phase of EEG activa- 
tion completely overlaps and may outlast the 
‘‘humoral’’ phase due to adrenaline, this ac- 
counting for the fact that two distinct phases 
of EEG activation or increase in blood pres- 
sure are so rarely seen in the intact animal. 
The contribution of the adrenal glands to 
EEG activation after a brief noxious stimulus 
is small and ordinarily obscured by the neural 
phase, but it does appear as a separate phase 
under certain experimental conditions in 
which case it is important to recognize it. 
There is nothing to suggest from observations 
of adrenalectomized animals or man that the 
adrenal medulla plays any role in maintain- 
ing alert wakefulness. 

It must be mentioned, however, that not 
all delayed EEG activation is necessarily due 
to a humoral mechanism involving the blood 
stream or adrenal glands. A 2-3 see. delay 
in EKG activation after a noxious stimulus 
was observed by Lindsley et al. (1950) in 
chronic cats with lesions of the direct sensory 
pathways. A delay as long as 30 sec. between 
a very mild tactile stimulus and EEG activa- 
tion has been observed repeatedly in a eat 
with peripherally placed mesencephalic le- 
sions (Sharpless and Rothballer 1955) and 
in intact monkeys (Morrell 1955). A similar 
sort of delay is observed to follow gentle 
rousing of someone deeply asleep. 

The adrenal glands were not responsible 
for the delayed response because in the first 
instance (Lindsley et al. 1950) the interval 
was too short (less than the minimum latent 
period ever observed between injection of 
adrenaline directly into the inferior vena 
cava and subsequent EKG activation) ; in the 
second instance (Sharpless and Rothballer 
1955), the delayed response persisted after 
bilateral adrenalectomy; in the last instance 
(Morrell 1955), the stimuli were mild and 
quite unlike those strong enough to induce 
sympatho-adrenal discharge. It should be 
recognized then that EEG activation may ap- 
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pear after an -appreciable latent period fol- 
lowing the initiating stimulus. This is most 
likely to appear when the stimulus is very 
mild or after peripherally-placed meseneeph- 
alic lesions (involving direct sensory path- 
ways); it is unrelated to adrenal medullary 
discharge. 

The reverse situation is seen after central- 
ly-placed mesencephalic lesions, in which case 
the EEG activation following a noxious stim- 
ulus is immediate but does not outlast the 
stimulus. This has been observed by Lindsley 
et al. (1950) in chronic preparations, and 
we have made the same observation in some 
of our animals with mid-reticular coagulation. 
Taken together, the evidence suggests that 
peripherally-placed mesencephalic pathways 
mediate a very prompt EEG activation in 
response to noxious stimuli which is poorly 
sustained when working alone. On the other 
hand, centrally-located mesencephalic struc- 
tures mediate a sustained EEG activation 
effect which is apt to show a long latent 
period when acting alone or when the stim- 
ulus is very mild. 


C. The Adrenergic Component of the Retic- 
ular Activating System 


It might be asked why any circumscribed 
portion of the brain should show such marked 
and specific sensitivity to adrenaline and nor- 
adrenaline. Of probable pertinence to the 
question is the observation that this same 
region contains both these substances (7 per 
eent adrenaline and 93 per cent noradren- 
aline in the eat); the content of these sub- 
stances is labile and falls after noxious stim- 
uli such as anoxia or ether anaesthesia, and 
it has been suggested that they participate 
actively in the function of these regions ( Vogt 
1954). 

All of the above mentioned facts plus 
additional observations that will be presented 
subsequently in connection with adrenergic 
sensitizing and blocking agents have suggest- 
ed the possibility that at least some of the 
reticular activating system is actually adren- 
ergic, ie., that adrenergic substances (pro- 
bably principally noradrenaline) participate 
in synaptic transmission. Since there are 
reasons to believe that the reticular activating 
system is not entirely homogeneous function- 
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ally or neurohumorally, such a system will 
be referred to tentatively as the adrenergic 
component of the reticular activating system. 
A similar proposal has been made by Dell, 
Bonvallet, and Hugelin (1954) in the discus- 
sion of their observations on the adrenaline- 
sensitivity of the descending bulbar fascil- 
itatory system. 

Up to the present time, studies of synapses 
have been made on those which are presum- 
ably cholinergic. Compared to acetylcholine, 
however, adrenergic transmitter substances oc- 
eurring peripherally (principally noradren- 
aline) are destroyed much more slowly; 
excitation of the peripheral sympathetic sys- 
tem produces effects which are generalized, 
sustained and which fluctuate comparatively 
slowly, over seconds or minutes, rather than 
milliseconds. Such properties as these are 
not dissimilar to those just attributed to the 
centrally-placed EEG activating mechanisms 
— those which produced EKG activation of a 
sustained sort well outlasting the stimulus, 
but which as mentioned may show a certain 
amount of delay. It is suggested then that 
the mechanism subserving sustained EEG 
activation, and its behavioral counterpart, 
consciousness or wakefulness, is at least partly 
the adrenergic component of the reticular 
activating system. The properties of such a 
system may account for some of the char- 
acteristics of the conscious state, including its 
prolonged, tonic nature, the slowness with 
which changes in it normally take place and 
possibly the long latent period between a 
gentle stimulus and complete arousal from 
deep sleep. 


D. Adrenaline EEG Deactivation 


It has been stressed that although EEG 
activation is the most prominent effect of 
adrenaline, it also has the opposite effect, de- 
activation. The firsi phase of deactivation 
usually occurs just as the blood pressure 
starts to rise and is rather brief. The second 
phase comes later as the blood pressure is 
falling or has returned to normal, when 
phases of activation and deactivation some- 
times alternate with one another. Although 
only activation from adrenaline was mention- 
ed by Bonvallet, Dell, and Hiebel (1954), 
their record of adrenaline EEG action (fig. 


8, page 127) also shows this early deactivation 
phase quite clearly. Thus there is reason to 
conclude that the duration of EEG activa- 
tion does not correspond simply with the 
presence of adrenaline in the brain but is the 
resultant of two simultaneous and opposing 
actions, activation and deactivation. At the 
peak of action of the drug, activation usually 
predominates, but when levels are rising or 
falling the phases alternate or deactivation 
predominates. After preparation of the ani- 
mal with thiopental, the activation phase is 
permanently blocked, but the deactivation 
phase often appears alone. 

The deactivation phase may be at least 
partly due to stimulation of the pressor re- 
ceptors by the blood pressure rise and con- 
sequent inhibition via the bulb (Bonvallet, 
Dell and Hiebel 1954). This may explain why 
the animal with mid-reticular coagulation or 
pre-bulbar section is so unusually sensitive 
to adrenaline, or responds at times with such 
an intense activation, but it does not account 
for the late phase when the blood pressure 
has often fallen to normal. Adrenaline does 
seem to have intrinsic inhibitory properties, 
however. Electrical changes interpreted as 
showing inhibition of cortical synapses have 
been reported after intracarotid adrenaline by 
Marazzi and King (1950). Intravenous ad- 
renaline tends to inhibit the release of vaso- 
pressin by the supraoptico-hypophysial sys- 
tem in response to noxious stimuli (O’Connor 
and Verney 1945), while acetylcholine stim- 
ulates this same system (Pickford 1947). 
Intraventricular injection of adrenaline or 
noradrenaline in eats produces a state re- 
sembling light anaesthesia (Feldberg and 
Sherwood 1954). Lastly, it is a common phar- 
macological observation that a drug may stim- 
ulate or depress depending on concentration. 
It seems clear then that there are both excit- 
atory and inhibitory elements to the central 
effects of adrenaline (much as there are to 
its peripheral effects) and that in the final 
analysis its influence upon the EEG is the 
resultant of these two opposing actions. 


B. Cholinergic EEG Activation 


The conclusion has been drawn that the 
reticular activating system is cholinergic, on 
the basis of experiments which have demon- 
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strated EEG activation in the curarized rab- 
bit from intracarotid acetylcholine or choli- 
nergic potentiators such as DFP, and its aboli- 
tion with atropine (Rinaldi and Himwich 
1955 a and b). Others have made similar 
observations (Bradley 1953; Longo 1955). 
Working with freely moving intact cats from 
which EEG records were made _ simulta- 
neously, Bradley (1953) has made important 
observations on the correlation between EEG 
activity and behavior. In such preparations, 
amphetamine produced both EEG and be- 
havioral arousal, while physostigmine pro- 
duced EEG ‘‘arousal’’ with no concomitant 
behavioral change. This important dissocia- 
tion between the EEG and behavior was first 
noted by Wikler (1952) in atropinized dogs, 
which showed EEG sleep patterns when they 
were awake or even excited. This was con- 
firmed in the cat (Bradley 1953) and we have 
observed it ourselves. Furthermore, Bradley 
(1953) noted that mesencephalic transection 
abolished the EEG effectiveness of amphet- 
amine but did not eliminate the EEG activ- 
ating effects of physostigmine, suggesting a 
different site of action. Rinaldi and Him- 
wich (1955 b) found that the EEG effects 
of acetylcholine were not abolished by lower 
mesencephalic transection but were absent in 
the isolated hemisphere. 

All of this evidence suggests certain 
fundamental differences between the adren- 
ergic and the cholinergic EEG activating 
mechanisms. The former is closely associated 
with the mesencephalic reticular formation 
while the latter may be somewhat more 
rostrally situated (between the mesenceph- 
alon and the centrum ovale). The EEG ef- 
fects produced by adrenergic sensitizing and 
blocking agents (amphetamine, chlorproma- 
zine) run parallel to behavior. On the other 
hand cholinergic potentiating and blocking 
agents (physostigmine, atropine) produce 
EEG effects with the conspicuous absence of 
any behavioral counterpart, i.e., dissociation. 
At present, the most that one can say is that 
it appears that the reticular activating sys- 
tem (in its EEG sense only) contains both 
adrenergic and cholinergic components; the 
brain stem arousal mechanism (in its behay- 
ioral sense) appears to be adrenergic; it re- 
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mains to be shown that it is cholinergic as 
well. 


SUMMARY AND CONCLUSIONS 


Experiments were carried out to determine 
the effect of adrenaline and noradrenaline 
upon the EEG of the intact unanaesthetized 
eat, the adrenalectomized cat and the cat pre- 
pared with a lesion of the tegmentum at the 
ponto-mesencephalic junction (mid-reticular 
coagulation ). 

Adrenaline in doses of 2-8 pg/kg. pro- 
duced a series of alternating phases of EEG 
activation and deactivation in the period be- 
tween 6-60 sec. after the beginning of the 
intravenous injection. Of these, the phase of 
activation was the most conspicuous, and 
dominated the middle portion of the response. 
The deactivation phases came at the begin- 
ning and end of the response, and whether or 
not they were detectable depended primarily 
upon the background activity. 

By coagulating the ponto-mesencephalic 
tegmentum an apparent increase in sensitiv- 
ity to adrenaline could be produced, with 
thresholds encountered as low as 0.05 ug/kg. 
Reducing the adrenaline dose towards thresh- 
old produced a gradual shortening of the 
activation phase, then a delay in its onset 
just before the response disappeared altoget- 
her. Further coagulation in this same region 
gradually raised the threshold as the lesions 
were made more and more anteriorly, al- 
though the intensity of the activation re- 
sponse was sometimes actually increased. By 
carrying the coagulation up to the meso- 
diencephalic border the response to intra- 
venous adrenaline was abolished altogether. 
Unilateral mesencephalic coagulation abolish- 
ed the response only over the ipsilateral hem- 
isphere. 

The EEG effects of noradrenaline were 
qualitatively similar to adrenaline in all re- 
spects and equal doses produced responses of 
approximately the same magnitude. 

The responses to adrenaline of the adren- 
alectomized, cortisone-maintained cat are the 
same as those of the intact cat. Biphasic or 
late EEG activation from sciatic stimulation 
was never observed in this preparation how- 
ever. The contribution to EEG activation of 
endogenous adrenaline release is assessed. 
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Evidence in favor of the existence of an 
adrenergic component within the reticular 
activating system is given and some of the 
possible properties of such a system are dis- 
cussed. 


The supervision, advice and criticism of Dr. H. 
H. Jasper are gratefully acknowledged, as are the. 
contributions of Dr. Robert Naquet, who participated 
in many of the foregoing experiments. 
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ANNOUNCEMENTS 


POST DOCTORATE FELLOWSHIPS 


The Sister Elizabeth Kenny Foundation announces a program of post 
doctoral scholarships to promote work in the field of neuromuscular diseases. 
These scholarships are designed for scientists at or near the end of their fellow- 
ship training in either basic or clinical fields concerned with the broad problem 
of the neuromuscular diseases. 


The Kenny Foundation Scholars will be appointed annually. Each grant 
will provide a stipend for a five year period at the rate of $5,000.00 to $7,000.00 
a year depending upon the Scholar’s qualifications. Candidates from medical 
schools in the United States and Canada will be eligible. 


Inquiries regarding details of the program should be addressed to: 
Dr. E. J. Huenekens, Medical Director, Sister Elizabeth Kenny Foundation, 
2400 Foshay Tower, Minneapolis 2, Minnesota. | , ) 


RESEARCH PRIZE 


The Hofheimer Prize of $1,500 is awarded annually by the American 
Psychiatrie Association for an outstanding research contribution in the field of 
psychiatry or mental hygiene which has been published within three years of the 
date of the award. The competition is open to citizens of the United States and 
Canada not over forty years of age at the time the article was submitted for 
publication ; or to a group whose median ages do not exceed forty years of age. 
The next award will be made at the Annual Meeting of the Association in May, 
1957. Articles submitted to the Prize Board before March 1st, 1957 will be 
considered. Eight copies of each publication and data concerning age and citizen- 
ship should be sent to Theodore Lidz, M.D., Chairman, Hofheimer Prize Board, 
333 Cedar Street, New Haven, Connecticut. 


ELECTROGRAPHIC ASPECTS OF AN “AROUSAL” OR ATTENTION 


REACTION INDUCED IN THE UNANESTHETIZED RABBIT 


Experiments performed in unanesthetized 
rabbits with cortical and subcortical recording 
electrodes in the lateral and medial thalamus, 
rhinencephalon and reticular formation of 
the midbrain have given us the opportunity 
of analyzing some electrographic patterns of 
the brain under normal conditions. One of 
the EEG patterns described here has been 
regularly observed in most of the 200 rabbits 
examined with the same recording technique. 
It appeared under various conditions, not 
only after exteroceptive stimulations (light, 
noise, touch or nocive stimuli), but in some 
eases also in response to a change of the sur- 
roundings, with more specific significance for 
the animal, such as the approach of a human 
being. In fact, the appearance of a human 
being moving in the surroundings of the 
animal proved to be a much more effective 
stimulus than the exteroceptive stimuli men- 
tioned above. Repetition of this physiological 
stimulation seem to facilitate more and more 
the occurrence of the complexe electrographic 
response to be described here — possibly by 
conditioned mechanisms — so that it finally 
occurred apparently spontaneously, in the 
absence of any environmental stimulus. 

We present here a typical example of the 
electrographic alterations induced in the cor- 
tical and subcortical structures by attention 
in the unanesthetized animal. 


METHODS 


The electrical brain activity was recorded 
with a stereotaxic technique previously de- 
scribed by Gangloff and Monnier (1955). A 
socklet, serewed on the skull under local 
anesthesia, was used to fix epidural silver elec- 
trodes over the sensorimotor and occipital 
cortex. This also allowed the introduction of 
silver electrodes, insulated except at the tip, 
into the medial and lateral thalamus, the rhin- 
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encephalon and the reticular formation of the 
midbrain (fig. 1). The holes were bored in 
the skull one day before the experiment and 
the skin sutured again in order to allow the 
animal to recover in a moderately heated and 
quiet hutch, with no other contact than that 
of the operator performing the experiment. 
During this experiment the animal was kept 
in a shielded room, separated by an opened 
door from the adjacent recording room. 

The electrical activity was amplified and 
recorded with a Schwarzer 8-channel electro- 
encephalograph. The respiration was register- 
ed by means of a thermocouple fixed in a 
mask before the nostrils of the animal. The 
examination lasted 114 hours and ended about 
80 min. after the first stimulation. 


RESULTS 


During the first 25 min. of the experiment, 
no definite EEG changes could be observed 
after visual and auditory stimuli. The EEG 
pattern showed in the cortical and subcortical 
leads a continuous, irregular, high voltage, 
slow wave activity, except in the midbrain 
reticular formation. Occasionally spindles ap- 
peared in the sensorimotor cortex of both 
hemispheres. The thalamic and rhinencephalic 
basic rhythm consisted of a more or less ir- 
regular 4-5 ¢c/sec. rhythm. Low voltage fast 
components were seen also in the rhinenceph- 
alon and in the lateral thalamus, as well as 
in the midbrain reticular formation. The EEG 
was free from any spontaneous alterations. 
The heart and respiratory rates were regular 
(fig. 2 A, B). However, every time the 
operator entered the shielded room in which 
the animal was isolated, or became visible 
through the door, the EEG immediately show- 
ed the. following typical changes: 

(1) Suppression of the cortical slow waves 
and spindles with substitution of low voltage 
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fast waves in the whole cortex, but chiefly in 
the sensorimotor areas of both hemispheres. 
This desynchronization reaction was followed 
by reappearance of the irregular slow wave 
activity and of the spindles (fig. 2 C). 

(2) Increase in regularity, frequency and 
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some predominance and greater constancy in 
the occipital cortex (fig. 2 and 3). 

(3) Suppression of the rhinencephalic ir- 
regular slow wave activity, réplaced by a 
faster, more regular rhythmic activity syn- 
chronized with the thalamic 5-7 c/sec. rhythm; 


Sutura 
Sagittalis 


Sutura 
coronaria 


Fig. 1 

Location of the cortical and subcortical derivation electrodes. 

A. Cortex: FrC — frontal cortex; MC — motor cortex; SsC = sensory 
cortex; VC = visual cortex; AC = auditory cortex; Arl = area 
limbiea (after Rose and Kornmiiller). 

B. Subcortex: Am = cornu ammonis (Rhinencephalon); Gld = Ggl. 
genic. dors.; Gly = Ggl. genic. ventr.; mm = lamina med. med.; 
Imy = lamina med. ventr.; dl — Nucl. dors. lat. thalami; m = 
Nucl. med. thalami; v — Nucl. ventr. thalami; H — Nucl. habenulae; 
TrM = Tractus Meynert; Fr — formatio reticularis; CQa = Corp. 
quadrig. ant.; Aq — Aquaeductus Sylvii; Sgre = Subst. grisea centr. ; 
DeT = Decussatio tegmenti; Bre — Brach. conjunctivum; Nil = 
Nuel. lemnisci lat.; NFR — Nuel. form. reticul.; Lm = Lemniscus 
med.; Ppe = Pes pedunculi; N.III = Nuel. N. oculomot. 


voltage of the thalamic rhythmic activity (5-7 
e/sec. instead of 4-5 ¢/sec.), slightly more 
pronounced in the medial than in the lateral 
thalamus. Tendency to generalization of this 
5-7 thalamic rhythm all over the brain, with 


increase in voltage of the rhinencephalic fast 
components (fig. 2 and 3). 

(4) Occasionally, slight increase in volt- 
age of the fast wave ground activity in the 
reticular formation of the midbrain, simulta- 
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Fig. 2 
A,B. No definite alterations of the electrical brain activity after sensory stimulation (Light 
(A), hand clap (B) ). 

C. Arousal or attentional reaction induced by the presence of a human being in the visual 
field of the animal (operator visible = OP. VIS.). Note the simultaneous increase of 
the respiratory rate. 

Movements of the human being reinforce the electrical ‘‘arousal pattern’’. 

Left sens. mot. cortex 

Right sens. mot. cortex 

Right occipit. cortex 

Rhinencephalon 
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Time-indicator: 1 see. 
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neously with fast activity of the same type 
mainly in the lateral thalamus and in the 
cortex. 

At the same time an increased respiratory 
rate could be observed with a maximum 3-5 
sec. after the onset of the EEG reaction. A 
normal respiratory rhythm generally return- 
ed before the end of the electrographic altera- 
tions. Significant changes in the heart rate 
were not observed. The animal also did not 
show any motor reaction, nor any other ex- 
ternal signs of emotion. It kept its eyes open 
and remained quiet during the whole exper- 
iment; its behaviour, however, suggested a 
state of attention. If the human observer re- 
mained visible without moving, the electro- 
graphic pattern described above showed a 
tendency to decrease, but as soon as the 
operator moved in the visual field of the 
animal, the same electrographic and respir- 
atory changes reappeared even with increased 
intensity (fig. 2 D). 

After this experiment had been repeated 
about 10 times within 15 min., the above de- 
scribed EEG and respiratory alterations also 
appeared spontaneously. During the follow- 
ing 80 min., the electrical responsiveness to 
the presence and the movements of the human 
being remained unchanged. The responsive- 
ness to sensory stimuli (light, hand clap or 
shouting) increased, inducing similar but 
shorter changes in the electrographic pattern 
(fig. 3). The responsiveness to light was less 
developed than the responsiveness to noise. 
The occurrence of the spontaneous EEG 
changes also increased toward the end of the 


experiment. 
DISCUSSION 


In unanesthetized rabbits, we have had the 
opportunity of observing an electrographic 
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‘‘arousal’’ pattern induced by the perception 
of a human being. This pattern, also called 
by us the ‘‘attention’’ pattern, has character- 
istic and readily identifiable features. 

The desynchronmzation of the cortical ac- 
tivity, with low voltage fast components is 
reminiscent of the ‘‘arousal reaction’’ obtain- 
ed by Moruzzi and Magoun (1949) by stim- 
ulation of the brain-stem reticular formation. 
It is similar to the ‘‘réaction d’éveil’’ de- 
seribed by Monnier (1950) in the unanesthe- 
tized cat during stimulation of the dienceph- 
alon with stronger impulses of higher fre- 
quency, and to the alterations of cortical ac- 
tivity by stimulation of the hypothalamus 
(Murphy and Gellhorn 1945; Ingram, Knott, 
Wheatley and Summers 1951; Hess Jr. 1954). 

Among the other mechanisms involved in 
the evocation of the arousal reaction in the 
rabbit, we must emphasize acceleration of 
the thalamie activity with its tendency to syn- 
chronize at the same frequency the activity of 
the cortex, the rhinencephalon and even of 
the midbrain reticular formation. This ob- 
servation confirms recent observations of Ri- 
valdi and Himwhiech (1955) in the eurarized, 
unanesthetized rabbit. These authors describ- 
ed an ‘‘alert pattern’’ characterized by: ‘‘ (a) 
elimination of all slow waves and spindles; 
(b) appearance of a very regular 4-7 ¢/sec. 
rhythm of medium amplitude, clearly of tha- 
lamie origin; (c) presence, mainly in the 
motor cortex, of low voltage fast rhythms.”’ 
They found that the strongest response of 
this kind was obtained by stimulation of the 
midbrain reticular formation. These facts, 
together with our own observations, prove 
that the arousal reaction consists not only of 
a desynchronization pattern with. cortical low 
voltage fast activities, but also of a synchro- 


Fig. 3 
Increasing responsiveness of the arousal mechanisms to sensory stimulation toward the middle 


and the end of the experiment. 
. After 25 min. — Light on 4 
. After 70 min. — Light on 4 
After 25 min. — Clap 4 

. After 70 min. — Clap 4} 
Left sens. mot. cortex 

Right sens. mot. cortex 
Right occipit. cortex 
Rhinencephalon 

Med. thalamus 

Lat. thalamus 

Subst. retic. bulb. 

8. EKG (A,C), E.P.G. (B,D). 
Calibration: 100 nV. 
Time-indieator: 1 see. 
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nization with regular and accelerated 5-7 
e/see. rhythms in the thalamus and in most 
other subcortical structures. The recent ob- 
servation of Liberson and. Akert (1955) that 
the presence of an observer leads to a desyn- 
chronization of the cortex and to an increased 
regularity of the rhinencephalic rhythms in 
unanesthetized guinea pigs belongs to the 
same group of facts. We can confirm that the 
rhinencephalic slow activity shows a tendency 
to increased frequency and regularity and 
that its fast activities increase in voltage. 
This is another component of the arousal re- 
action, which needs further consideration. 

These various observations suggest that 
the arousal mechanisms do not involve the 
brain stem reticular formation only, but a 
whole system of cortical and subcortical struc- 
tures, as already stated by Magoun (1950), 
Jasper and Ajmone-Marsan (1950) and 
others. From our own observations we may 
conclude that three mechanisms at least, 
showing specific electrographic features, are 
involved in the arousal system: 

(a) a desynchronizing reticular mechanism 
producing low voltage fast waves in the reti- 
cular formation of the brain-stem itself and 
chiefly in the cortex; 

(b) athalamo-cortical synchronizing mech- 
anism showing an acceleration and an increase 
in regularity of the thalamic basic activity 
(5-7 ¢/sec. instead of 4-5 e/sec.), with a tend- 
ency to extension to other brain structures. 

(c) a rhinencephalic mechanism showing 
a high voltage fast activity and an accelera- 
tion of the slower rhinencephalic ground ac- 
tivity (5-7 instead of 4-5 ¢/see.) synchronized 
with the thalamic rhythm. 

The most interesting point of our ob- 
servations is, however, the fact that the mere 
visual perception of a human being may be a 
stronger stimulus than other sensory stimuli 
and may evoke an electrical arousal pattern, 
whereas neutral visual or auditory stimuli do 
not disturb the brain activity, as we noted 
during the first part of the experiment. This 
facilitatory function of a more elaborate, cor- 
tical process — such as the visual perception 
of an ‘‘unpleasant’’ moving human presence, 
a process which involves increased attention 
and possibly even some emotional component 
— is specially noticeable. Together with the 
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wide-spread electrographic .changes accom- 
panying the so-called ‘‘arousal’’ or attention 
reaction we described, it suggests that the 
arousal mechanism can be elicited not only 
from the reticular system in the lower brain- 
stem, or by sensory afferents running into 
this system, but also from higher cortico- 
diencephalic and rhinencephalic structures 
concerned with the regulation of attention 
and emotional functions. This conclusion is 
also supported by the observation that the 
attention pattern described may appear spon- 
taneously without relation to any detectable 
external stimuli and that it occurs more and 
more frequently towards the end of the ex- 
periment, suggesting that conditioning mech- 
anisms may play a role in its evocation. From 
a practical point of view, the usefulness of the 
electrographic techniques described above for 
experimental psychology is obvious. 


SUMMARY 


An EEG response recorded simultaneously 
in the cortex, the medial and lateral thalamus, 
the rhinencephalon and the midbrain reti- 
cular formation of unanesthetized rabbits is 
described. It consists of: (a) suppression of 
slow waves and bursts in the cortex, and ap 
pearance of a low voltage fast activity pre- 
dominant in the sensorimotor areas; (b) slight 
increase in frequency and regularity (5-7 
e/sec. instead of 4-5 e/sec.) of the thalamic 
basic activity, with a tendency to generaliza- 
tion all over the brain, especially in the occi- 
pital cortex; (c) slight increase in frequency 
and regularity of the slow rhinencephalic 
rhythms (5-7 instead of 4-5 ¢/sec.) synchro- 
nized with the thalamic basic activity, and 
increase in voltage of the rhinencephalic fast 
components; (dad) slight increase in voltage of 
the low voltage fast activities in the midbrain 
reticular formation appearing simultaneously 
with the cortical desynchronization. The elec- 
trical pattern of this response appears ident- 
ical with the ‘‘arousal’’ reaction induced by 
stimulation of the brain-stem reticular forma- 
tion. 

Electrographie evidence is given that the 
so-called ‘‘arousal’’ system involves at least 
three mechanism: (1) a_ reticulo-cortical 
desynchromizing mechanism; (2) a thalamo- 
cortical synchronizing mechanism, leading to 


an acceleration and an increase in regularity 
of the thalamic rhythmic activity, with exten- 
sion of this rhythm (5-7 ¢/sec.) all over the 
brain, even to the midbrain reticular forma- 
tion; (8) a rhinencephalic mechanism show- 
ing high voltage fast activity and an accelera- 
tion of the slower rhinencephalic rhythmic 
activity (5-7 instead of 4-5 ¢/sec.), synchro- 
nized with the thalamic rhythm. 

These wide-spread electrographic changes 
and the responsiveness of the _ so-called 
‘‘arousal’’ system to more elaborate, cortical 
processes, involving increased attention and 
possibly some emotional components (visual 
perception of a moving being) suggest that 
this system may be activated by sensory af- 
ferents, but also by higher, cortico-dienceph- 
alic and rhinencephalic systems concerned 
with the control of attention and emotional 
behaviour. The usefulness of such electro- 
graphic data for experimental psychology is 
pointed out. 
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INTRODUCTION 


In an earlier work (Larsson 1953) the 
electroencephalographic responses to peri- 
pheral nerve stimulation were investigated 
in waking human subjects. Among the re- 
sponses were found a number of waves which 
as a rule began with a surface negative wave 
with a latency of 50-90 msec. These waves, 
which were first observed by P. Davis (1939), 
are not confined to the region of the specific 
somatic projection area and they can also be 
obtained after stimuli of a type other than 
that of peripheral nerve stimulation. They 
have a maximum over the vertex (P. Davis 
1939, Baneaud et al. 1953 and Y. Gastaut 
1954). 

These waves, which in what follows will be 
called the ‘‘non-specifie response’’, have char- 
acteristics which seem to be compatible with 
the assumption that they are an arousal re- 
sponse. When analysing this assumption it is 
necessary to try to arrive at an exact defini- 
tion of the term ‘‘arousal’’. The following 
preliminary consideration was therefore made. 

In general an individual is regarded as 
showing signs of arousal when by his beha- 
viour he displays increased interest in his 
surroundings, looks around him, listens or in- 
vestigates, and as a whole has a more active 
attitude than before. During these processes 
there is undoubtedly going on a progressive 
arousal, but these signs show rather that the 
individual has woken up than that he is wak- 
ing up. It is reasonable to assume the existence 
of behavioural reactions which are better con- 
nected to the increase in the degree of wake- 
fulness and which thus appear simultaneously 
with the arousal. The general muscular 


1A preliminary report of these results was pre- 
sented at a meeting of the Swedish Society for 


Clinical Neurophysiology on Dee. 4, 1954. 


[ 631 ] 


startle reaction (the startle pattern) which 
has been described by Strauss (1928) as well 
as by Landis and Hunt (1939) may be as- 
sumed to be a response of this type with re- 
gard both to its latency and duration and to 
its behavioural characteristics. [It would there- 
fore be possible to call it an arousal response. 
Responses which in comparable parts have the 
same characteristics as the muscular startle 
reaction might then be described as arousal 
responses. In order to investigate whether the 
non-specific EEG waves could be thus de- 
scribed, they have been systematically com- 
pared in this work with the blink component 
in the muscular startle reaction. A comparison 
between these two responses has been car- 
ried out earlier by, in particular, Bancaud 
et al. (1953). Among other things they show- 
ed that the startle blink and the non-specific 
EEG response are in several respects inde- 
pendent of each other. 


MATERIAL AND METHODS 


The experiments were carried out on 53 
adult waking subjects, of both sexes. The 
subjects sat leaning back comfortably in an 
armchair. They knew that the intention was 
to investigate the reaction of the brain to 
different stimuli but that this would not in- 
volve any discomfort. 

The blink component in the muscular 
startle reaction was chosen as an index of that 
reaction owing to its sensitivity and to the 
possibility it offered of simultaneously check- 
ing the blinking artefacts in the EEG record. 
It was led off from the skin above m. orbi- 
eularis oculi. In addition to the startle blink, 
which has a constant latency, a secondary 
blink is often recorded (Peak 1933). In cases 
where the startle blink is not strongly pro- 
nounced or is lacking altogether, this second- 
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ary blink may be misinterpreted (fig. 1). Its 
latency is, however, normally considerably 
longer and varying, and this makes it easy to 
distinguish it from the startle blink. 

Unless otherwise stated, the EEG response 
was recorded between an electrode on the ver- 
tex and another 3-5 em. behind. With more 
electrodes, it is as a rule possible to show a 
phase reversal at the vertex. This permits de- 
termination of polarity. In the figures which 
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The relations between the startle blink and the 
secondary blink to an acoustic stimulus. Stimuli fol- 
lowing on each other with a frequency of 0.5/sec. It 
is seen how the startle blink gradually disappears 
whereas the secondary blink is unaffected as regards 
amplitude. 


show only one EEG lead, a downward deflec- 
tion denotes surface-negativity. 

The electrodes were chlorided silver plates 
which were fixed with collodion in accordance 
with the usual technique. 

The potential variations were led off to a 
Grass Model 3D EEG apparatus and recorded 
either with its ink-writer or with a cathode- 
ray oscillograph which was connected to its 
amplifier. In certain experiments two Grass 
pre-amplifiers Model P4 for connection to the 
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cathode-ray oscillograph were used instead. 
As a rule the short time-constants of the ap- 
paratus (0.15 sec.) were used in order to re- 
duce slow potential variations in the record. 
In the photographie records 10 cathode-ray 
sweeps were always superimposed to give a 
picture. At the beginning of the experiment 
the subject was told to blink strongly sev- 
eral times in order to ensure that no blink 
artefacts could appear in the EEG record. 
During the experiment the subject had his 
eyes open in order to reduce spontaneous ac- 
tivity in the EEG. 

The stimulator was a Grass Model 3C, 
which was started by a square-wave generator. 
It operated at a preset frequency during the 
time occupied by the square wave. As the 
duration of the square waves was variable, 
it was thus possible to obtain pulses of pre- 
determined number and frequency. The gen- 
erator in its turn was started by a delay 
circuit. 

Unless otherwise stated, the peripheral 
nerve stimulus was generally applied to the 
ulnar nerve at one elbow. At the output of 
the stimulator the stimulus pulses were. rec- 
tangular and they generally had a duration 
of 1 msec. 

The auditory stimulus consisted of a short 
click, which was obtained by connecting the 
stimulator to a pair of earphones. 

Visual stimuli were delivered by a Kaiser 
Universal photostimulator which as a rule was 
triggered from the Grass stimulator. It gave 
an illumination of 9 megalux/m? at a distance 
of 5 em. with the stimuli used. The duration 
of the flash was about 75 microsec. 

In certain experiments it was necessary 
to alter the type of the stimulation faster 
than could be done by hand. This was done 
with the aid of a sensitive relay which was 
controlled from the timer relay output of the 
Grass stimulator. 


RESULTS 


Latency. When the ulnar nerve is stim- 
ulated at the elbow, the latency for the startle 
blink varies between 35 and 45 msec. The 
latency to the initial surface negative wave in 
the non-specific EEG response varies between 
50-90 msec. Sometimes the EEG response be- 
gins with a small surface positive wave. Its 


latency is about 30 msec. For auditory stim- 
uli the latencies are somewhat shorter. The 
latencies for visual stimuli varied between 
40-50 msec. for the startle blink and 60-80 
msec. to the surface negative wave. In one 
case the latency to the electro-retinogram was 
measured in order to get an idea of its mag- 
nitude with the strong stimuli used. It amount- 
ed to 14 msec. 

Comparison. If account is taken of the 
inconstant minor surface positive wave in the 
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Fig. 2 
Simultaneous recording of EEG response and blink response. 
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sound + ulnar nerve. 
stimulus. 
selected from a long series. 
independent of each other. 


EEG response the latencies are of the same 
order of magnitude for both responses. 
Thresholds. The thresholds for both re- 
sponses vary within wide limits from one sub- 
ject to another. Thus, for example, stimula- 
tions of peripheral nerves which give strong 
direct muscle twitches may sometimes be en- 
tirely ineffective while in other eases clear re- 
sponses arise after stimulations which are far 
below the threshold for a perceptible move- 
ment and which are subjectively barely per- 
ceived. In the last-mentioned cases the EEG 
response has a somewhat lower threshold than 
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Such a stimulus was given every 30 to 60 sec. 
They show amplitude variations which are 


633 


the blink. In a series of stimulations with the 
same subject the thresholds for both responses 
generally vary from one stimulation to ano- 
ther, so that sometimes no responses oecur and 
at other times strong responses appear. These 
variations do not take a parallel course for 
both responses (fig. 2). 

Comparison. The thresholds are different 
insofar as the EEG response may be obtained 
with somewhat weaker stimuli. Both re- 
sponses may, however, be obtained with very 


Stimulus: 
4-6 pulses with a frequency of 500/sec. in each 


Responses are 


weak stimuli. The wide threshold variations 
from case to case are also a similarity. 
Frequency-sensitivity. In figures 3 and 4 
are shown simultaneous recordings of the 
startle blinks and the EEG responses. The 
stimulus was applied to the ulnar nerve on 
one side and its frequency was 0.25/see. 
(fig. 3) and 0.5/see. (fig. 4). The figures 
are taken from the same experiment. It ap- 
pears that the blink is somewhat more fre- 
quency-sensitive than the EEG response. This 
is the most common relation, though the op- 
posite may occur. 
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Comparison. Although the blink is as a 
rule somewhat more frequency-sensitive than 
the non-specific EEG response, the sensitivity 
is of the same order of magnitude. 

Specificity. Both responses can be ob- 
tained by stimuli of different modality (Lan- 
dis and Hunt 1939, as regards the blink; 
Davis et al. 1939, as regards the EEG re- 
sponse). As a rule auditory and nerve stimuli 
give better responses than even strong visual 
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median nerve respectively, and in figure 5 C 
the same responses after auditory stimulation. 
In figure 5 D the stimulations on the ulnar 
and the median nerves have been given simul- 
taneously, in.figure 5 E the ulnar stimulation 
and the auditory one were simultaneous and 
in 5 F the median and the auditory stimuli 
were simultaneous. In another experiment 
(fig. 6) where the submaximal responses 
after ulnar nerve stimulation were tested at 
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Fig. 3 
Comparison between the frequency-sensitivity of the blink and the EEG 


response. Stimulus: ulnar nerve. 


tion in text. The figures 1,2... 
were applied. 


stimuli. This observation should of course be 
considered with due regard to the difficulty 
of making intensity comparisons between 
stimuli of different modality. 

As the responses are non-specific it was 
probable that occlusion would appear with 
simultaneous stimuli of different modality. 
That this assumption is correct is seen from 
the experiment illustrated in figure 5. In 
figures 5 A and B are seen the maximal re- 
sponses after stimulations of the ulnar and 


Frequency: 0.25/see. 
ete. indicate the order in which the stimuli 


Further descrip- 


varying times after maximal responses to 
sound, this blocking interaction persisted for 
at least 300 msec. 

If liminal stimuli of different modality 
are given simultaneously, there appears in- 
stead a facilitation of the responses. With 
simultaneous recording of the blink and the 
non-specific EEG response there may arise, at 
suitable stimulation strengths, facilitation for 
one response and occlusion for the other 


(fig. 7). 


Comparison. The responses are similar in 
that they are non-specific, that they are poor- 
ly pronounced after visual stimuli and in the 
occlusive and facilitative phenomena which 
have been demonstrated. 


Conditional reactions. 


Prosser and Hunter (1936) showed that 
the muscular startle reaction in rats can be 
made a conditional reaction, and this has also 
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Fig. 4 
Same as in figure 3, but with a stimulus fre- 
quency of 0.5/sec. 


1 sec. 


been shown in man by Landis and Hunt 
(1939). Experiments have therefore been 
carried out in order to discover whether this 
is also possible for the non-specific EEG re- 
sponse. Such an experiment is demonstrated 
in figure 8. In this experiment a weak sound 


1 The term ‘‘conditioning’’ has a different mean- 
ing in a neurophysiological and in a psychological 
context. To avoid any possible misinterpretation we 
have preferred to use the term ‘‘conditional reaction’’ 
instead of ‘‘conditioned reaction’’ (cf. Pavlov, 


translated by Gantt, 1928, p. 79). 
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stimulation which gave no response whatever 
was used as a conditional stimulus (CS) and 
a strong electrical stimulation of the ulnar 
nerve as the unconditional stimulus (US). 
The interval between CS and US was 1/2 see. 
and each pair of stimulation was given with 
an interval of approximately 2 min. The last- 
mentioned interval was intentionally made 
variable in order to avoid any possible time- 
conditional reaction to this interval. The 
figure shows that at the 14th pair of stimula- 
tions the sound stimulus is possibly followed 
by an insignificant EEG response and that at 
the 21st pair the effect is certain. Moreover, 
a faint blink appears here. At the 26th and 
27th pairs, the conditional responses have 
risen considerably in amplitude. The rein- 
forcement with the electrical stimulus was dis- 
continued after the 35th pair and it is to be 
seen how with the succeeding sound stimuli 
the responses are gradually extinguished. 
The conditional responses constitute augment- 
ed originai responses to the conditional stim- 
ulus. This is shown by figure 9 C and D, 
where the recording has been done with a 
eathode-ray oscillograph. The records show 
the responses to a weak electrical stimulus be- 
fore and after reinforcement by a strong 
sound stimulus. This type of conditional re- 
action has been called sensitization, ‘‘ pseudo- 
conditioning’’ or ‘‘a-conditioning’’ (ef. Hil- 
gard and Marquis 1940, for a review of the 
subject). It has been claimed that this type 
of conditional reaction occurs because the un- 
conditional stimulus gives a long-term general 
inerease of the excitability for all types of 
stimuli. This, it is claimed, results in strong 
responses to the stimuli irrespective of whether 
they have been paired previously with the un- 
conditional stimulus or not. The existence of 
such a mechanism has been demonstrated 
inter alia by Bernstein (1934), Sears (1934) 
and Grether (1938). 

It appears from the works cited above that 
sensitization may, at least under certain ex- 
perimental conditions, play a part in the pro- 
duction of the type of conditional response 
which has been described in this study. In 
order to investigate whether this is the only 
factor at work, two types of experiment have 
been carried out. One of these types is illus- 
trated in figure 9. In figure 9 A ean be seen 
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the superimposed result of a weak electrical 
stimulus on the distal phalanx of the thumb 
at the beginning of the experiment. Figure 
9 B shows the same response recorded during 
a period when the electrical ‘stimulus was in- 
terchanged at random with a strong sound 
stimulus with an interval of 30 to 90 sec. The 
record constitutes the total of the 31st to 40th 
electrical stimuli. In all, 42 sound stimuli had 
been given when the record was complete. 
With paired stimuli the conditional response 
is usually observed after about 20 paired pre- 
sentations, and often earlier. No change can 
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previous day. It was impossible to obtain a 
fresh increase of the response (fig. 9K). The 
experiment shows that the strong sound stim- 
ulus could not bring about an augmentation 
of the responses to the electrical stimulus if 
they were not paired with a fixed interval. 
The other type of experiment started from 
the fact that conditional responses to a special 
stimulus are easily generalized, so that similar 
but not reinforced stimuli also give conditional 
responses. This is a normal occurrence in this 
type of experiment (Pavlov 1928, ch. IV). 
This fact can, however, also be interpreted as 


Fig. 5 
Occlusion of responses. Stimulus: A. Ulnar nerve at the wrist. B. Median 
nerve, same side, at the wrist. C. Acoustic stimulus. D. Ulnar + median. 
E. Ulnar 4+ acoustic. F. Median + acoustic. Time 10 msec. Cal. 50 ywV. 


be observed here, however. On the following 
day the experiment was repeated with the 
same subject, with the difference that the 
electrical stimulus (CS) and the sound stim- 
ulus (US) were paired with an interval of 
390 msec. Figure 9 C show the response to 
CS at the beginning of the experiment and 
figure 9 D the response after pairing with the 
sound stimulus (21-30 times). It will be seen 
that conditional responses have been obtained 
both for the startle blink and the non-specific 
EEG waves. The conditional responses were 
then extinguished, after which the electrical 
stimulus and the sound stimulus were given 
interchangeably in the same way as on the 


being due to a sensitization. If this interpre- 
tation is correct, it will not be possible to ef- 
fect a differential inhibition (Pavlov 1928, 
eh. XVI) of the generalized conditional re- 
sponse. In figure 10 such an experiment is 
shown. 

A weak electrical stimulus was applied in 
turn to the distal phalanx of the thumb and 
little finger of the same hand. This stimulus 
produced little or no response (fig. 10 A, little 
finger, and fig. 10 B, thumb). After this had 
been repeatedly established, a strong sound 
stimulus was added to the little-finger stim- 
ulus 300 msec. after the latter. At the sixth 
paired presentation there appeared clear con- 


ditional responses to the little-finger stimulus 
both in the EMG and in the EEG (fig. 10 C).1 
The stimulus on the thumb, which had never 
been reinforced, now also yielded clear re- 
sponses — an example of generalization (fig. 
10 D). Both finger stimuli were now repeated 
in such an order that it was impossible for 
the subject to predict in each particular case 
whether the next stimulus would be the 
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ferential inhibition of the effect of the thumb 
stimulus had thus been obtained. 

It is known that a recently established 
differential inhibition is a very unstable phe- 
nomenon (Pavlov 1928, ch. XXII). That this 
is also true of these conditional responses 
could be shown by making a pause of about 
15 min. The stimulus on the thumb now once 
more produced its full effect (fig. 10 G), and 
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Fig. 6 
Occlusion of responses to a weak electrical stimulus applied at varying 
intervals after a strong sound stimulus. A. Sound stimulus. B. Electrical 


stimulus. 
respectively. 
msec. after the sound stimulus. 


C. and D. Interval between the stimuli of 200 and 300 msec. 
In D the oscillograph sweep has been started about 230 
The stimulus artefacts have been marked 


with small white dots. Time 20 msec. Cal. 50 nV. 


‘‘harmless’’ thumb stimulus or the ominous 
little-finger stimulus. After a total of 16 re- 
inforeed little-finger stimuli and 8 unrein- 
forced thumb stimuli we can see how the 
former procedure gives conditional responses 
while the latter now is without effect (fig. 
10 K, little finger, and fig. 10 F, thumb). This 
result was confirmed repeatedly. <A _ dif- 


1 This subject had been used in the same exper- 
iment three months earlier. This fact probably ac- 


counts for the relative ease with which the differentia- 
tion was established. 


a further 15 thumb stimuli and 7 reinforced 
little-finger stimuli were now required before 
the earlier differentiation could again be 
secured (fig. 10 H, little finger, and fig. 
10 I, thumb). 


It appears from these two types of ex- 
periment that pairing of the conditional and 
the unconditional stimulus is essential in order 
to bring about the conditional responses de- 
seribed. Sensitization in the ordinary sense 
of the word cannot be excluded, but it pro- 
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bably plays a subordinate role in the exper- 
imental conditions applied here. 

Comparison. Both the blink and the non- 
specific EEG response can be obtained as the 
type of conditional reactions which are an 
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Fig. 7 
Facilitation of the blink response and 
occlusion of the EEG response by simul- 
taneous nerve and auditory stimuli. A. 
Electrical stimulation of ulnar nerve. 
B. Sound stimulus. C. Simultaneous elee- 
trical and sound stimuli. The late deflee- 


tion in the upper sweep is a seeondary 
blink. Time 20 msee. 
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augmentation of the original responses to the 
conditional stimulus. Generalization and dif- 
ferential inhibition proceed in parallel. 


DISCUSSION 


It has been shown that latencies, stim- 
ulation thresholds and frequency-sensitivities 
for both the non-specific EEG response and 
for the blink component in the muscular 
startle reaction are, if not equal, at any rate 
of the same order of magnitude. Both re- 
sponses are non-specific, occlusion and facili- 
tation appear in a similar way and they can 
be made conditional reactions with the same 
characteristics for both of them. Such dis- 
similarities as are found are not important. 
An exact agreement as regards latencies is 
not, of course, to be expected for responses 
from structures so unlike as the cerebral cor- 
tex and the facial motor nucleus. If any other 
part of the muscular startle reaction than the 
blink component had been used as an index, 
the differences in the stimulation thresholds 
and the frequency sensitivity would have been 
ereater. In a comparison such as this it is, 
however, most correct to use the most sensitive 
component. 

To sum up, it is justifiable to draw from 
the above comparison the conclusion that the 
non-specific EEG response and the blink re- 
sponse are the results of activity in systems 
which are functionally very similar. 

The responses are, however, independent 
of each other in the sense that it is not neces- 
sary for one of them to be present in order for 
the other to appear. The fact that one re- 
sponse ean be facilitated and the other oc- 
eluded with simultaneous stimuli of two dif- 
ferent types points in the same direction. 

Occlusion is generally regarded as being 
a sign of neuronal sharing. It is therefore 
probable that the afferent impulses of dif- 
ferent modalities which can release the re- 
sponses converge in a central non-specific sys- 
tem. As far as the EEG response is con- 
cerned, the experiments permit of no conclu- 
sions as to where this convergence occurs. As 
far as the blink is concerned, however, con- 
vergence must take place above the facial mo- 
tor nucleus as it has been shown that the 
blocking interaction following maximal re- 
sponses persists for at least 300 msee. As by 


voluntary contraction the. facial motorneuron 
ean follow frequencies of at least 50/sec., 
which corresponds to an interval of 20 msec., 
it is impossible that the blocking takes place 
there. 

It will now be of interest to see what indi- 
cations the literature gives regarding the an- 
atomical structures which are essential for the 
responses. 


The muscular startle reaction. 


Karplus and Kreidl (1914) observed 
startle reflexes (ein lebhaftes Zusammenzuc- 
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dog,.and human anencephalic monsters have 
been shown to have startle reactions on noises 
(Edinger and Fisher 1913). 

It is clear, therefore, that the cerebral 
cortex is not essential for the startle reaction. 
This does not mean that the cortex is without 
influence. Muskens (1926), who made a sys- 
tematic investigation on startle reflexes in 
eats after tactile and acoustic stimuli, writes 
that hemidecortication or unilateral section 
of the pyramidal tract abolished the reflex on 
the contralateral side. The reflex could, how- 
ever, be evoked again if the animal was given 
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Fig. 8 


‘lhe responses as conditional reactions. 


ken) in several of their decorticated apes after 
both tactile and acoustic stimuli. Widespread 
muscle reflexes, including lid closure, in re- 
sponse to acoustic stimuli were also observed 
by Forbes and Sherrington (1914) in eats 
decerebrated at the level of the anterior colli- 
culus. 

Culler and Mettler (1934) found a ‘“‘slight 
startle’’ on acoustic stimuli in a decorticated 


Stimuli: CS: ‘weak sound stimulus. 
stimulus of ulnar nerve. The figures 1; 14... 
stimuli were applied. Further description in text. 


US: strong 
etc. indicate the order in which the paired 


Metrazol or other cramp toxins. Haas et al. 
(1953), who investigated the reflex after Me- 
trazol injection alone, concluded in agreement 
with Muskens that the motor cortex is impor- 
tant but not essential. They also considered 
that the specific sensory areas could be remov- 
ed without affecting the reflex. Gastaut and 
Hunter (1950), who inter alia investigated 
myoclonic twitches after visual stimulation 
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and Metrazol injection, took the contrary 
view that bilateral ablation of the visual 
areas depressed the response while resection 
of the motor area did not give any effect. 
Patients with various neurological diseases 
have been investigated by Strauss (1928). 
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their startle pattern, provided spasm was not 
present. If spasm was present the effect was 
considerably increased on the affected side. 
Patients with Parkinson’s disease and Hun- 
tington’s chorea gave ambiguous results, while 
those exhibiting a pallidum syndrome are 


RAR AAARAR ARR RAS 
Vavavava i, 
VVVVVVVVV Vd 


Fig. 9 


Full description in text. 


The spike-like deflection in D (lower beam) 


immediately following the stimulus artefact is an artefact from the relay 


that changed the quality of the stimulus. 


The results were summarized by him (1939) 
and included the cases which had been in- 
vestigated in collaboration with Landis and 
IH{unt. Among other things these showed that 
patients with slight hemipareses or positive 
Babinski did not show any lateralization in 


Time 10 msec. Cal. 50 yV. 


said to have yielded strong startle responses. 

Muskens (1926) also investigated animals 
with injuries in parts of the brain other than 
the cerebral cortex. Bilateral injuries to the 
lemniscal pathways did not affect the reflex, 
whereas an animal which is said to have had 
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a probable injury to the cerebellar nuclei had 
an increased reflex. Injuries to the cerebellar 
cortex, however, are said not to have affected 
the reflex. Injuries corresponding to the re- 
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Full deseription in text. 
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ticular formation in the midbrain reduced the 
reflex considerably, but it did not definitely 
disappear until the medial portion of the reti- 
culum in the transition between pons and 
medulla oblongata was destroyed. Then the 
reflex could no longer be obtained even after 
large doses of Metrazol. After destructions 
further caudally no response whatever was 
obtained on acoustic stimuli, while the re- 
sponse to tactile stimuli had changed its 
character. It thus appears as if the brain 
stem reticular system is a primary centre for 
the startle reflex. This system receives colla- 
terals from the sensory pathways of different 
modalities (Starzl, Taylor and Magoun 1951 
b; French, Verzeano and Magoun 19538) and 
there is evidence that various facilitatory and 
inhibitory areas exert much of their influence 
on the motorneurons through it (Lindsley, 
Schreiner and Magoun 1949 a and b). An 
influence from such areas may explain effects 
like the differential conditional reaction de- 
seribed here. 


The EEG response. 


The non-specific waves have been dis- 
eussed in relation to the secondary response 
of Forbes, Morison and Dempsey (1936, 1939 
and 1941) by several authors. 

Davis et al. (1939), considered that the 
slow component of the K-complex, of which 
they considered the non-specific waves to be 
a part, corresponded to the secondary re- 
sponse obtained in animals, and Brazier 
(1949) holds the same view. The last-mention- 
ed author has also (1954) shown that both 
the K-complex and the secondary response in- 
crease in certain degrees of anaesthesia. 

The non-specific waves are as a rule local- 
ized to the vertex and, owing to this, Yvette 
and Henri Gastaut (1954) consider that it 
cannot correspond to the secondary response 
in animals which can always be led off from 
large areas of the cortex. In the works of 
Forbes and Morison and Dempsey (1936, 
1939, 1941) the secondary response is de- 
scribed as predominantly surface-positive. On 
the basis of this it has been compared with the 
surface-positive component of the non-specific 
waves in man (Larsson 1953). Owing to the 
fact that the latency differences were great it 
was considered that the two responses could 
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not correspond to each other. In certain sub- 
jects an inconstant surface-positive wave pre- 
cedes the surface-negative one. This was, 
however, considered as possibly corresponding 
to the secondary response obtained in animals. 

The recent work of Purpura (1955) throws 

new light on these problems. The secondary 
response that he obtains in narcotized cats is 
a complex wave often introduced by a surface- 
negative component. Moreover, although it 
can be obtained over large parts of the cortex, 
it shows a maximum over the anterior portions 
of gyrus lateralis — a distribution which is 
similar to the maximum at the vertex which 
is as a rule obtained through the human skull. 
It seems possible that the human non-specific 
waves are related to Purpura’s secondary re- 
sponse. 
_ It has been shown in animals (Dempsey 
and Morison 1941; Starzl, Taylor and Magoun 
1951; Purpura 1955), that single stimulation 
within the medial brain stem reticulum gives 
a cortical discharge with the same distribu- 
tion as the secondary discharge evoked by 
peripheral stimulation and the same sensitiv- 
ity to repeated stimulation. Further, the re- 
sponses evoked by peripheral and reticular 
stimulation had a latency difference which 
was consistent with the conduction time be- 
tween the two points of stimulation. 

If the secondary discharge in animals is 
related to the non-specific waves in man, it is 
probable that the brain stem reticulum is es- 
sential for the occurrence of the non-specific 
waves, just as it is essential for the muscular 
startle reflex. 


Arousal. 


It has long been assumed that the K-com- 
plex and also the ‘‘desynchronization’’ of the 
EKG record after different stimuli constitute 
electroencephalographic arousal responses. 
The general validity of these assumptions has 
recently been questioned. Regarding the K- 
complex, Brazier (1954) writes that the term 
arousal response ‘‘seems unfortunate since its 
major feature is that it occurs without arous- 
ing the subject.’’ With regard to the desyn- 
chronization of the EEG record, Morison 
(1954) says that after high-frequency stim- 
ulation of intralaminar nuclei it is possible 
to obtain a desynchronization of the EEG 
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without anything which is ‘‘overtly similar to 
arousal’’ being observed. It is, however, not 
necessary that the processes which appear in 
arousal should be strictly parallel in different 
parts of the brain. Such phenomena as sleep 
paralysis and somnambulism are examples of 
such dissociation in awakening. In other cases 
the increase in the degree of wakefulness may 
be so small that it does not show itself in per- 
ceptible behavioural changes. It is clear that 
a stimulation effect may be an arousal re- 
sponse even if it is not directly connected 
with behavioural arousal. 

When the arousal process is to be defined, 
however, its behavioural characteristics must 
be used. Here we may select a behavioural 
response which appears on a common-sense 
view to express a definite awakening. The 
characteristics of this response may then be 
used as material for comparison when in- 
vestigating the possible arousal character in 
other stimulation effects, irrespective of 
whether it appears parallel with these or not. 
The nruscular startle reaction has been con- 
sidered to be a suitable response for this pur- 
pose. Responses with characteristics similar to 
this reaction are, from this point of view, 
arousal responses. It may be objected that it 
would be better to call them startle responses. 
As, however, they can be obtained with very 
weak stimuli which are far from being ‘‘start- 
ling’’, it is preferable to use the wider term, 
arousal responses. 

The non-specific EEG response has been 
shown to have very great similarities in its 
appearance to the blink component in the 
muscular startle reaction and may therefore 
be called an arousal response. It will now be 
of interest to see whether the usual EEG signs 
of arousal have corresponding similarities. 

The K-complex was investigated by Davis, 
Davis, Loomis, Harvey and Hobart (1939). 
They considered that the non-specific EEG 
response is a part of the S-component of the 
K-complex. This has a maximum at the vertex 
(Brazier 1949) and if it is recorded during 
different stages of wakefulness it seems to 
show gradual transitions to the non-specific 
EEG waves (H. Gastaut 1954; Bancaud et al. 
1953). It is non-specific, and is extinguished 
on repeated stimulation. Properties which can 
be interpreted as conditional reactions have 
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been described (Pampiglione 1953; Li, Jasper 
and Henderson 1952), although they have not 
clearly been shown to be of the same type as 
has been described for the startle blink and 
the non-specific EEG waves. To sum up, it is 
probable that the S-component in the K-com- 
plex is an arousal response, presumably from 
the same morphological system as the non- 
specific EEG waves but in a different ex- 
eitatory state (cf. Jasper et al. 1952). 

The blocking reaction also shows certain 
similarities to the startle blink. It is non-spe- 
cific (Berger 1930), and it ean be extinguish- 
ed by repeated stimulation (Berger 1930; Tra- 
vis and Egan 1938; Knott and Henry 1941). 
It ean be obtained as a conditional response 
(Loomis, Harvey and Hobart 1937; Travis 
and Egan 1938; Knott and Henry 1941; 
Jasper and Shagass 1941). The conditional 
response is probably an augmentation of an 
original response to the conditional stimulus 
(Knott and Henry 1941). It therefore ap- 
pears as if the blocking reaction is also an 
arousal response of a type similar to the 
startle blink. 

Although in this study we have used the 
blink component in the muscular startle re- 
action as comparative material in order to 
analyze arousal, it does not mean that we con- 
sider that the whole process of awakening can 
be expressed with the aid of its characteristics. 
After arousal has begun, various orientational 
reactions often appear. These reactions, which 
are different from the primary muscular 
startle reaction, can be assumed to be ne- 
cessary in order to maintain a degree of wake- 
fulness already achieved and in order to fa- 
cilitate further awakening, and may therefore 
be intimately bound up with the arousal pro- 
eess. On the analogy of Strauss’s primary 
and secondary muscular startle reactions, one 
might therefore possibly be able to speak of 
primary and secondary arousal responses. 
Further investigations will, however, be ne- 
cessary in order to elucidate these questions. 


SUMMARY 


1. A systematic comparison was made of 
the blink component in the muscular startle 
reaction and the EEG response which can 
be led off at the vertex after sudden stimuli. 

2. The comparison showed that (a) the 
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latencies are of the same order of magnitude, 
(6) thresholds and (c) frequency-sensitivity 
are, if not the same in each particular case, at 
any rate of the same order of magnitude. As 
a rule the blink has a somewhat higher thresh- 
old and a somewhat greater frequency-sensitiv- 
ity than the EEG response. (d) Both re- 
sponses appear after stimulations of different 
modality. (¢€) With two simultaneous stimu- 
lations of different type there appears, ac- 
cording to the strength of the different stim- 
uli, facilitation or occlusion of the response, 
the EEG response may show one type of re- 
action while at the same time the blink shows 
another type. (f) Both responses can be ob- 
tained as conditional reactions. These con- 
sist in both cases of augmented original re- 
sponses to the conditional stimulus. 

3. Although the responses appear in a very 
similar manner they are independent of each 
other insofar as it is not necessary for one 
response to be present for the other to appear. 

4. It is concluded that both responses arise 
in functionally similar systems. 

5. The reticular activating system of the 
brain stem probably plays a considerable part 
in the creation of both responses. 

6. The muscular startle reaction after sud- 
den stimuli may be regarded as a sign of 
arousal. As the EEG response has proved to 
appear in a functionally similar way it is rea- 
sonable to regard it as an expression of an 
arousal mechanism. 

7. It was shown that the unconditional 
stimulus cannot bring about an increase of 
the response to the conditional stimulus unless 
the two stimuli are paired with a definite in- 
terval. Moreover, the conditional reactions can 
be inhibited differentially. They cannot, 
therefore, be explained as being due to sen- 
sitization in the ordinary sense of the word 
(pseudoconditioning). 
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INTRODUCTION 


A number of investigators have been in- 
terested in the developmental aspect of the 
electroencephalogram (EEG) and it is well 
known that in the human infant and child 
cortical potentials change with age. Although 
most of such work has been done on the hu- 
man, a few papers have appeared represent- 
ing work on other species. The white rat 
(Crain 1952), the guinea pig (Jasper et al. 
1937), the kitten (Libet et al. 1941), and the 
monkey (Kennard et al. 1942) have been 
studied to some extent, but so far there has 
been no such study on the dog. The purpose 
of this investigation was twofold: (1) to ex- 
tend knowledge of the developmental aspect 
of the electroencephalogram to another spe- 
cies, and (2) to demonstrate, if possible, elec- 
troencephalographic correlates of changes in 
behavior. 

Much of the work involving the EEG of 
the adult dog has of necessity been done 
on anesthetized and/or curarized animals 
(Goldensohn et al. 1950; Swank et al. 1949). 
In this study the plan was to obtain the nor- 
mal developmental pattern of the puppy EEG 
from birth to an age at which an essentially 
mature type of record could be obtained, using 
unanesthetized, unrestrained enimals. Results 
were to be compared and correlated, if pos- 
sible, with the known normal social and psy- 
chological development of the species. 


TECHNIQUE 


Sealp recordings were obtained from 12 
animals in a total of 64 recording periods re- 
presenting more than 11 total hours of re- 
eording. Two groups of dogs were used. The 
first consisted of normal (unanesthetized) 


1This study is based in part upon a thesis sub- 
mitted by Miss Charles to the University of Maine 
for the degree of M. S. 


animals and included 5 pups (one male and 
4 females) from whom 57 scalp recordings 
were taken at various ages from one day to 8 
weeks, plus one record from an adult male. 
The second group included 5 pups from three 
to 56 days of age (2 males, 3 females) and one 
adult female. Animals of this second group 
were anesthetized with Dial? (diallylbarbi- 
turic acid) and scalp recordings taken. An- 
imals in the study included one adult Cocker 
Spaniel, one adult Chihuahua, and 3 purebred 
Basenji puppies. The remainder were various 
types of hybrids between Cocker Spaniel and 
Basenji. 


A 4-channel, Model III Grass electro- 
encephalograph was used. Both monopolar 
and bipolar recordings were made. Recordings 
were taken from within a shielded cage locat- 
ed in a quiet, dimly lighted room. A light 
mounted outside the cage could be directed on 
the subject. The size of the puppy head 
limited the number of electrodes. Five 9 mm. 
diameter Grass electrodes with flexible, in- 
sulated wires were attached to the shaved 
scalp and ears, using Redux paste as conduc- 
tor and collodion as adhesive agent. Place- 
ment of electrodes was (fig. 1): 1, left occi- 
pital region (LO) ; 2, mid-frontal area (MF) ; 
3, right occipital area (RO); 4, left ear; 5, 
right ear. Simultaneous monopolar recording 
was made from LO, MF, and RO areas using 
an ear as reference point; bipolar recording 
was made between LO and RO. 


Small puppies were placed on a blanket 
over a warm hot-water bottle in a smooth 
metal tray. This resulted in some artifacts 
due to occasional limb or head movements but 
allowed the puppy complete freedom within 
the tray. Larger puppies were placed in a 
eardboard box or held on the lap of an as- 


2 Ciba Pharmaceutieal Company. 


[ 645 ] 


646 


sistant. Brief behavior observations were not- 
ed on the record as it was taken. 

The dialized animals were injected either 
before or during recording. Dosage was 25- 
50 mg. per kg. of body weight given i.p. in 
small pups and IV in older pups. 

Sensory stimulation while recording was 
accomplished by use of a pocket flashlight 
shone in the eye and a Galton whistle set at 
5 and blown near the subject’s head. Occa- 
sional attempts to elicit a cortical response 
were made by turning off the cage light or 
speaking. Subjects were picked up and held 


Fig. 1 
Schematic diagram of puppy’s head showing place- 
ment of scalp and ear electrodes as used throughout 
this study. 


in an attempt to alert them and thus obtain 
a record during a state of wakefulness. 

Gross inspection was made of each record 
in entirety. Detailed duration-frequency 
counts were earried out and plotted from 
samples of record at each age tested for 2 dogs 
of the normal group (34 records; the com- 
plete series on 2 animals). A count was made 
on each Dial record. Selection of portions for 
analysis was made according to predetermin- 
ed rules in an attempt to obtain random samp- 
ling. 

RESULTS 


Characteristics of the normal EEG 
General characteristics. Wave patterns in 
the EEG of the very young puppy were in- 
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conspicuous. In general, potentials generated 
were somewhat less than those found in hu- 


_man infants and children as demonstrated in 


Gibbs’ Atlas (1945). As the puppies became 
older distingtive patterns of cortical activity 
emerged. Throughout the series of records 
amplitude was seen to vary from about 10 pV. 
to about 160 pV. the higher voltages being 
absent at very early ages. In general, all re- 
cordings from all areas were similar with the 
exception of slightly more activity at the 
frontal lead, which may have been due to 
scalp movement or eye potentials. Right and 
left occipital lobes showed no large dif- 
ferences. 

Behaviorally it is difficult to determine 
whether the very young puppy is asleep or 
at a higher level of consciousness. However, 
certain behavioral criteria were used and the 
records annotated accordingly. Specifically, 
a newborn pup which remained quiet except 
for spasmodic twitching was _ considered 
‘‘asleep’’ while a puppy which made move- 
ments such as crawling about in the tray or 
lifting the head was termed ‘‘awake’’. 

At early ages (up to 3 weeks) these states 
of sleep and wakefulness were not distinguish- 
able in the EEG. Differences appeared later 
and the sleep record then consisted of high 
potential, slow waves which came on gra- 
dually as the puppy appeared to go to sleep, 
and which disappeared abruptly upon alert- 
ing or awakening the pup suddenly. A stim- 
ulus which did not wake the animal did not 
disturb the pattern, however. 


Alert, awake, or excited states were re- 
flected in the older puppy by low amplitude, 
fast waves. There were, also, mixed patterns 
which fell between the two extremes of alert- 
ness and deep sleep. 


Reactions to specific peripheral stimuli 
were variable, damping or ‘‘blocking”’ occur- 
ing at times but not consistently. However, 
sudden excitation produced increase in fre- 
quency and decrease in amplitude quite con- 
sistently. 


EEG during first week of life. The EEG 
of the newborn puppy was characterized by 
flatness, low potentials and simplicity, as well 
as by numerous artifacts caused by apparently 
spontaneous twitching or jerking, which is 
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normal for the puppy. The record typically 
consisted of many rather flat sections inter- 
spersed with runs of low amplitude, sine 
waves at a frequency of about 14 @/see. 
Distinct states of wakefulness and sleep were 
not distinguished in the EEG at this age and 
were also difficult to identify by observation. 
At the end of the first week the record was 
essentially the same as one or two days after 
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was in this period at about 16-18 days that the 
slow waves corresponding to sleep first oc- 
curred. These irregular, slow waves were 
opposed to the even, low amplitude activity 
which now occurred in all areas during wak- 
ing. By 20 days a definite sleep pattern could 
be identified. Thus a marked change in fre- 
quencies and emergence of two distinct types 
of cortical activity representing wakefulness 


—— | Sec——+4 
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Fig. 2 
Normal EEG records of a puppy at 2 days of age from LO, left occipital; 
MF, mid-frontal; RO, right occipital; and RO-LO, across right and left 


occipital leads. 


birth (fig. 2). The frequency mode was 
15 ¢/see. for both wakefulness and sleep. 
Amplitude varied between 10 and 50 nV. 

EEG during second week. During the 
second week the runs of small, smooth waves 
were still evident, as were some artifacts. By 
10 days there were fewer flat periods. There 
was much moderate frequency, low amplitude 
activity in all areas. Amplitude ranged from 
10 nV. to 45 pV. The frequency mode con- 
tinued to be 15 e@/see. (.07 see. wave dura- 
tion). 

EEG in third week. By the third week 
there were fewer twitching artifacts as the 
animals rested more quietly. Some random 
slow waves of indefinite shape appeared. All 
areas showed more activity and might show 
some 9-10 ¢/see. sine waves which were grea- 
ter in amplitude than they were earlier. It 


and sleep occurred at this age and the devel- 
opment during the next few weeks served to 
further separate and establish the two pat- 
terns, as may be seen in figure 3. 

At this age there was also much even, 
9-11 c/see. activity which appeared when the 
dog was quiet. This was similar to the alpha 
wave frequency found in humans during 
periods of quiet wakefulness with eyes closed. 
This component was not seen in later records 
of the excitéd state nor in periods of deep 
sleep. The amplitude of these waves was about 
40 nV. Some low potential activity of 10 pV. 
occurred but the larger sleep waves had a 
maximum near 85 pV. (fig. 4). 

EEG during fourth week. At the begin- 
ning of the fourth week there were ‘‘resting”’ 
type waves (10-11 ¢/see.) and slower waves of 
higher amplitude characteristic of sleep. Dur- 
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ing the week the amplitude of the sleep waves 
inereased to as much as 130 pV. while the 
frequency decreased. By 28 days a pattern 
of fast, low amplitude waves corresponding to 
a state of alert wakefulness had emerged. 
During the fourth week of age four types of 
EEG could be distinguished in the puppy: 
(1) low, fast waves during wakefulness, (2) 
even, 10-11 c/sec. sine waves, (3) inter- 
mediate sections which included mixed fre- 
quencies and amplitudes, and (4) large, slow 


FRE QUENCY 


AVERAGE 
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fulness frequencies had become 30 ec/sec. or 
.03 sec. in duration. The range of the wake- 
fulness pattern waves extended from 6.7 to 
60 c/see. (.15 to .02 sec.) while the sleep range 
was 1.7 to 30 c/sec. (.60 to .03 sec.) (see 
fig. 5). At eight weeks frequencies were 
grouped as in the previous three weeks. There 
was much EEG activity which was very fast 
and low in potential which reflected the alert, 
excited behavior of the puppy. All waves 
were less smooth and more complex. Resting 


l 2 4 4 a 6 v4 $ 
AGE IN. WEEKS 
Fig. 3 


Frequency of EEG waves (cycles per second) typical of sleep and wake- 
fulness during 1 to 8 weeks of age in 2 puppies. 


waves of deep sleep, which might carry small, 
fast waves superimposed on them. 

EEG from fifth through eighth weeks. A\- 
though detailed analysis was also made of 
records at each week from 5 to 8, the develop- 
ment after 4 weeks is conveniently treated as 
a unit. 

The four types of cortical activity con- 
tinued, the only changes being a gradual in- 
erease in frequency and decrease in am- 
plitude in periods of alert wakefulness and a 
contrasting decrease in frequency and in- 
crease in amplitude in the waves typical of 
sleep. By 7 weeks amplitude varied from 
10 to 155 »V., and the mode of the wake- 


type waves were mostly lacking and actually 
the puppies did not rest as during very early 
records. During the last two weeks of re- 
cording (7 and 8 weeks of age) the pups were 
typically either asleep or else awake and very 
alert. 

It has been reported in the literature (Gir- 
den 1948) that Dial does not affect the EEG. 
Since records from unanesthetized adults 
showed many muscle artifacts, a series of 
records were taken from animals anesthetized 
with Dial. Such records taken at intervals 


from one day to 8 weeks were similar to those 
taken from unanesthetized animals of similar 
ages. Apparently the Dial had little effect 
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on the normal EEG as was expected. Supple- 
menting this, a record was taken from adult 
dog anesthetized with Dial. This record was 
essentially similar to that of the eight week 
old puppy. It was concluded that the EEG 
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by increased cortical activity. In the study 
of cerebral electrical potentials in the guinea 
pig by Jasper et al. (1937), it is reported that 
brain potentials first appeared in the electro- 
eorticogram (ECG) at 48-56 days of gestation 


DAYS 


$0 pV f 


Fig. 4 
Normal EEG records of a puppy at 22 days of age during states of 


wakefulness and sleep. 


of the puppy at 8 weeks of age is essentially 
similar to that of an adult dog. 


DISCUSSION 
A. Species comparisons 
It appears from the results of this study 
that the development of the EEG in the 
puppy is similar to that of other species in 
that increase in age from birth is aeeompanied 


which is approximately three weeks before 
birth. This species was studied at intervals 
from this age until adulthood but no clear 
ontogenetic trend in characteristic frequencies 
was observed, although average amplitude 
showed an irregular but definite increase with 
age. 

Electrocorticograms taken from curarized 
young albino rats (Crain 1952) showed ir- 
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regular, low amplitude activity during the 
first week of life. By the seventh to tenth 
days regular, rhythmic and continuous activ- 
ity appeared and the 10 day patterns were 
basically similar to those of the adult rat. 


58 Days 


CHARLES and JOHN L. FULLER 


progressing to amplitudes of 20-100 »V. and 
frequencies of 1-35 ¢c/sec. in the 19-25 day old 
animal. The adult cat record showed a do- 
minant frequency of 40 c/sec. 

Kennard-and Nims’ study on Macaca mu- 
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Fig. 5 
Normal EEG records of a puppy at 58 days of age during states of 


wakefulness and sleep. 


Both amplitude and frequency increased 
with age from birth to 10 days. 

The ECG of the kitten as demonstrated 
by Libet et al. (1941) underwent similar 
developmental changes, beginning with low 
amplitude (5-20 »V.) random activity and 


latta (1942) had similar results. The scalp 
recorded EEG during the first postnatal 
week revealed low potentials and little activ- 
ity. By four weeks both amplitude and rate 
increased and there was a distinction between 
states of wakefulness and sleep. This trend 
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continued until 6-12 months of age when there 
was a slight decrease in amplitude. 

The development of the EEG in the hu- 
man infant and child as demonstrated by 
Gibbs (1945) and discussed by Walter (1953) 
follows a similar pattern of low amplitude, 
low frequency, irregular activity which later 
becomes more regular and higher in am- 
plitude and frequency. 

In these species which have been in- 
vestigated the most pronounced changes in the 
EEG occur very early. Kennard (1942) states 
that development of motor function occurs 
largely during the period of most marked 
change in the EEG of the monkey. Jasper 
et al. (1937) report that the guinea pig brain 
first exhibits electrical activity at the time 
when the maturation of high nervous centers 
is indicated behaviorally. The fact that this 
oceurs in the guinea pig prior to birth pro- 
bably reflects the precociousness of this spe- 
cies which is born in a relatively mature state. 


B. EEG in relation to social and psychological 
development 


Seott and Marston (1950) in a detailed 
study of the normal development of the puppy 
found that from birth to 2 weeks of age the 
pup lives a relatively vegetative existence. By 
two weeks of age the eyes have opened in most 
animals, and by 3 weeks the majority have 
the ears open and the animals react to sound. 
Following this, socialization and development 
of motor skills ensue with subsequent gradual 
emergence of complex behavior patterns. Scott 
emphasizes that the most important and cri- 
tical period for the normal adjustment of the 
puppy is the beginning of the period of so- 
cialization at approximately 314 weeks with 
‘‘maturation of sensory, motor, and memory 
-eapacities apparently coinciding with the 
first development of outside social relation- 
ships’’. It is at this same age of changing be- 
havioral development that the EEG of the 
puppy begins to change, as the patterns of 
cortical activity associated with different be- 
havioral states become established. 

In studying the advent of the conditioned 
reflex (CR) in the same species, Fuller ef al. 
(1950) attempted to condition very young 
puppies. It was found that theré was no re- 
liable evidence of conditioning to light and 
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sound before 18 days; sporadic positive re- 
sponses occurred from 18 to 20 days; but after 
20 days the CR was definite and fairly pre- 
dictable. Fuller suggests that ‘‘a fundamental 
change in neural organization of the puppy 
occurs during the latter part of the third 
postnatal week’’, and that ‘‘the results can be 
best interpreted in terms of maturational 
change, which probably involves the develop- 
ment of cerebral control over the motor cen- 
ters’’. James and Cannon (1952) carried out 
similar experiments and found the earliest age 
of conditioned orientation in the puppy to be 
21 days. 

The results of both these studies and that 
of Scott imply a change in neuronal organiza- 
tion at the time the EEG is undergoing its 
most rapid change. It would appear that 
whatever neural mechanism is necessary for 
the conditioned reflex is the same as, is part 
of, or at least matures at the same time as 
that mechanism which operates in the chang- 
ing rhythms of resting wakefulness and sleep, 
and the beta activity which apparently can- 
cels the resting waves. 


SUMMARY 


1. Sealp recordings of the EEG were made 
from intact, unanesthetized puppies varying 
in age from two days to eight weeks, and 
from one adult dog. 


2. Sealp recordings of the EEG were made 
from puppies under Dial anesthesia at in- 
tervals from three days of age to eight weeks 
of age and from one adult anesthetized with 
Dial. 


3. Specific sensory stimulation of puppies 
during recording produced inconsistent re- 
sults whereas general, sudden excitation con- 
sistently caused increase in frequency and de- 
crease in amplitude. 


4. Records of normal puppies under three 
weeks of age were iow in amplitude and con- 
tained random low frequency activity. Pat- 
terns of wakefulness and sleep were indis- 
tinguishable in the EEG. 

5. EEGs of normal puppies showed dif- 
ferentiation between sleep and wakefulness at 
about 18-20 days, the difference becoming 
marked by four to five weeks. 


6. Very fast activity appeared as a definite 
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component of the normal EKG of alert pup- 
pies by five weeks. 

7. Sleep waves were characterized by slow 
frequency and high amplitude; waves during 
wakefulness were characterized by higher fre- 
quency and low amplitude. 

8. Four patterns of activity could be re- 
cognized in the puppy EEG: (a) very fast, 
low amplitude waves during excitation; (b) 
waves of medium amplitude and frequencies 
of 8-14 c/sec. found during resting; (c) in- 
termediate waves of mixed amplitude and fre- 
quency not typical of wakefulness or sleep; 
(d) high amplitude, low frequency waves 
typical of deep sleep. 

9. Light to moderate Dial anesthesia did 
not markedly affect the spontaneous electrical 
activity of the brain. The eight week EEG of 
the puppy anesthetized with Dial resembled 
that of the adult anesthetized with Dial. 

10. The most marked change in the puppy 
EEG occurred at the period of most marked 
change in physical and social development and 
at the time that relatively stable conditioned 
reflexes can be established. 

11. Generally speaking, maturational 
changes in the EEG of the puppy are similar 
to those described in a number of other mam- 
mals. 
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INTRODUCTION 


It has been observed that photic stimula- 
tion will precipitate seizures and paroxysmal 
discharges in certain light-sensitive epileptics 
(Gowers 1881; Walter e¢ al. 1946; Cobb 
1947). From clinical studies it is clear that 
variation of the frequency of the stimulus, as 
well as of other parameters, affects the re- 
sponse (Walter and Walter 1949; Schwab 
and Abbott 1951; Van Buskirk et al. 1952; 
Marshall, Walker and Livingston 1953). 
The literature pertinent to physiological mech- 
anisms in visual activating techniques has 
been reviewed by Brazier (1953) who notes 
that clinically ‘‘flash-rates of about 15 c/see. 
are potent activators in most cases’’. How- 
ever, she adds that there are also cases ac- 
tivated by a single flash and those activated 
by almost any flash rate. 

Experimental convulsions influenced by 
photic stimulation were first reported by Cle- 
menti (1929). The experimental preparation 
was a non-narcotized dog with strychnine ap- 
plied to the visual cortex. The first electro- 
encephalographic observations were made by 
Gozzano (1935) who demonstrated that light 
stimulation resulted in an increase in spike 
activity from the strychninized striate area of 
a rabbit with subsequent initiation of brief 
seizures. Gastaut and Hunter (1950) noted 
that single flashes of light would evoke spikes 


1 Instructor in Psychiatry (Neurology), University 
of Utah College of Medicine, Director, Electroenceph- 
alographic Laboratory, Veterans Administration Hos- 
pital, Fort Douglas Division. 

2 Research Instructor in Psychiatry (Psychology), 
University of Utah College of Medicine, Clinical Psy- 
chologist, Veterans Administration Hospital, Fort 
Douglas Division. 

3 Research Technician (Animal Anatomy), Vet- 
erans Administration Hospital, Fort Douglas Division. 


from the strychninized visual area of the cat 
but that if the frequency of stimulation was 
‘“‘sufficiently high’’ the cortex responded to 
only the first flash of the series. Seizures 
were not obtained. Terzian and Terzuolo 
(1953) confirmed the fact that spikes arising 
from a strychninized area striata can be 
driven by photic stimuli and that their repeti- 
tion rate can be greatly increased as a result. 
Seizures occurred in their preparations (rab- 
bits) which were observed to arise in the 
visual area, spreading later to the contralat- 
eral visual zone and finally to motor centers. 

In the present study penicillin was used 
to initiate seizure discharge. The use of peni- 
cillin is suggested by the studies of Walker 
and Johnson (1945) and Borkowski and Fors- 
ter (1947). The activity of the penicillin- 
induced focus was then observed systematical- 
ly under varying frequencies of photic stim- 
ulation. 

With the increasing use of photic stimula- 
tion as an activating technique more informa- 
tion is needed qn the nature of the response 
of such a focus to variations in the afferent 
stimulus. Furthermore, characteristic fre- 
quency sensitivities may emphasize similar- 
ities or differences between clinically observed 
photogenic epilepsy and activated exper- 
imental convulsions and possibly help to 
clarify the mechanism of the activating pro- 


cess. 
METHOD 


Thirty-four adult cats were used in the 


experimental series. The electroencephalo- 
grams were taken in the following manner: 
under intraperitoneal Nembutal anesthesia the 
scalp was reflected and burr holes drilled 
bilaterally with a ¢ 6 dental burr in anterior, 


[ 653 J 


654 


central, and posterior positions. These were 
routinely placed 7 mm. from the midline and 
1.5 em. apart in anterior-posterior dimensions. 
No. 2 metal tapping screws to which an in- 
sulated wire had been previously soldered, 
were then inserted into the 6 burr holes. A 
polyethylene cuff was threaded over the wire 
coming to rest around the screw on the sur- 
face of the skull. This cuff was then filled 
with acrylic powder and several drops of 
acrylic liquid were applied. The electrode 
was thus fixed securely to the skull and 
adequate insulation obtained. The 7 leads 
were brought out through the midline inci- 
sion, the incision being closed on either side 
with catgut sutures. At the time of the initial 
operation a trephine opening was made over 
the visual area. Two or three days following 
the initial operation penicillin was injected 
immediately subcortically through this open- 
ing. Early this was carried out in the alert 
animal with physical restraint, under local 
1 per cent procaine infiltration. In the last 
12 preparations the animal was tracheotom- 
ized under ether anesthesia, curarized with 
1-2 mg. per kilogram of tubocurarine i.m., 
and placed under artificial respiration. 
Procaine was again locally injected in the 
skin area above the trephine opening, the 
skin incision reopened and the penicillin in- 
jected. The penicillin injection was carried 
out with the aid of a stereotaxic instrument 
so that depth from the cortical surface could 
be controlled. One to two-tenths of a cubic 
centimeter of Pfizer penicillin in sesame oil 
with 1 per cent aluminum monostereate was 
routinely injected 1-2 mm. below the cortical 
surface. The penicillin was injected after the 
animal regained an ‘‘alert’’ electroenceph- 
alographie pattern. At least one hour was 
allowed for exhalation of the anesthetic 
agent. 

In order to prevent variations in light 
intensity arriving at the retinae it was neces- 
sary to consider head movement, closure of 
the nictitating membrane, blinking, and pupil- 
lary constriction and dilatation. In the early 
experiments head movement was controlled 
by a metal frame head holder which prevented 
lateral and vertical deviations. Blinking was 
prevented by small wire lid retractors, and 1 
per cent homatropine gave maximal dilatation 
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of the pupils. The nictitating membranes 
were routinely resected at the initial opera- 
tion. The difficulties due to head movement 
and blinking were later obviated by the use 
of tubocurarine and artificial respiration, the 
animal being placed in a stereotaxic instru- 
ment, 1 per cent procaine having previously 
been injected beneath the orbits and around 
the external auditory canals. The photic stim- 
ulator employed was a Grass, Model PS-1, 
with a high intensity flash of approximately 
10 psec. duration. The lamp was adjusted 
so that its center was level with the animal’s 
eyes and its face perpendicular to the line 
of vision, 15 em. from the cornea. Background 
intensity remained constant during the exper- 
iment. 

A control record was taken immediately 
before the penicillin injection so that possible 
changes in the pattern from drug effects or 
damage related to the electrode placement or 
trephination could be observed. 

The photic stimulus was presented for 
varying periods, at a constant intensity. Sev- 
eral different frequency series were employed. 
In 7 experiments 22 different frequencies 
were used: 4, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 
14, 16, 18, 21, 24, 27, 30, 40, 50, and 100 
e/see. These were randomized for each pre- 
sentation of the series. 

Following the experiment the animal was 
sacrificed with Nembutal and the brain per- 
fused with saline and formaldehyde. The 
brain was sectioned and the extent of the 
lesion determined grossly and by seleeted sec- 
tions stained with hematoxylin and eosin. All 
lesions were shown to be confined to the cortex 
and immediate subcortical white fibers. In no 
instanee were thalamic structures damaged. 


OBSERVATIONS 


The paroxysmal focus 


The cortical penicillin injection resulted 
in an orderly sequence of events. Character- 
istically within several minutes after the in- 
jection high amplitude (200-500 »V.) spikes 
appeared at the area of injection (fig. 1). 
These at first were seen irregularly every 
10-15 see. They then gradually increased in 
number so that 1-4 oceurred spontaneously 
during a 10 sec. interval. These focal spikes 
could be readily evoked by photic stimulation. 


ACTIVATION OF EXPERIMENTAL CONVULSIONS 


This stage of spiking might persist several 
hours without change. Usually, however, with- 
in 15-20 min., short periods of photic stimula- 
tion at certain frequencies resulted in the 
appearance of multiple fast spikes (10-20 
e/sec., 100-300 »V.) which continued several 
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hours, the convulsions occurred at approxim- 
ately 4 to 6 min. intervals and lasted from 2 
to 4 min., followed by a period of cortical 
silence out of which arose the focal slow spike. 
Thus the sequence, focal intermittent slow 
spiking, focal multiple fast spiking, gradual 
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Fig. 1 
Cat #20. Curarized. 
. Focal slow spike arising spontaneously from the left visual area 2 min. following the 


local injection of penicillin in oil. 


. Evoeation of the slow spike with each flash at 1.2 ¢/see. 


(P. 8.) bottom line. 


Record of photic stimulus 


. Response to a short presentation at 30 c/sec. Note lack of normal ‘‘following’’ posteriorly 


on side of lesion. 


. Spontaneous slow spike 2 h. following initial injection. 


Note particularly increased 


amplitude of the slow spike with increased duration of the spike complex. Designation of 
electrode combinations in this and subsequent figures. L — left, R — right, F — frontal, 


C — central, P — posterior. 


seconds after the end of the stimulation (fig. 
2,BandC). 

This paroxysmal after-discharge in the 
non-curarized preparation at first was not 
accompanied by motor manifestations. Later 
these after-discharges increased in length and 
spread both anteriorly and contralaterally 
and were accompanied by convulsions. The 
convulsions showed a_ typical Jacksonian 
spread. In most preparations after several 


spread of the multiple fast spike discharge 
to generalized involvement followed by cor- 
tical silence, is characteristic of the patho- 
physiologic lesion induced by the penicillin 
in oil preparation. However, there was a 
gradual change in the frequency of occur- 
rence and length of the spontaneous dis- 
charges over a period of several hours. There 
were also gradual changes in the character 
of the slow spike complex during the course 
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of the experiment. These were: 1, increased 
amplitude, 2, increased duration, and 3, in- 
creased spread (fig. 1, D). Successive spikes 
oceasionally varied slightly in form and am- 
plitude. , 
The focal slow spikes and the multiple 
fast spikes were clearly distinguishable. The 
slow spikes could be evoked by photic stimula- 
tion whereas the fast spikes appeared un- 
affected by the stimulation once they had 
developed. One or more slow spikes, either 
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charges of multiple spikes alternating with 


slow waves. Because of the association of the 
multiple fast spikes with convulsive manifesta- 
tions in the non-curarized preparation, these 
are subsequently referred to as seizure dis- 
charges. 


The response of the slow spike to photic 
stimulation 

The response of the high amplitude ir- 
regularly discharging slow spike to intermit- 
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Cat #33. Curarized. Representative samples or the response of the focal slow spike to 
photic stimulation at various frequencies. Photie stimulus presented throughout 10 sec. of 
cut-out. Sample extended in B and C to demonstrate persistence of seizure activity after 
cessation of stimulus. Record of photic stimulus not included. LC — LP in all samples. 


A, 1:1 response at % ¢/see. 

B, 1:1 response initially at 2 ¢/see. with precipitation of self-sustaining seizure discharge. 
C. 1:2 response initially at 4 e/sec. with precipitation of self-sustaining seizure discharge. 
D, E, F, G. Progressive decrease in number of slow spikes during stimulation at 8, 16, 30 


and 50 c/see. 


spontaneous or evoked, always immediately 
preceded the multiple fast spike discharge 
(fig. 3). At the onset of the multiple fast 
spikes there was usually reduction in overall 
amplitude of the discharge. The slow spikes 
remained localized to the area of injection 
and were without apparent associated peri- 
pheral manifestations. The multiple fast 
spikes, in contrast, spread to other areas and 
when the spread reached motor centers, a 
tonic seizure occurred. This later progressed 
to a clonic stage, the EEG showing brief dis- 


tent photic stimulation could be studied when 
the fast repetitive spiking was not present. 
These spikes could be elicited as 1:1 responses 
with slow (14-3 ec/sec.) stimuli (fig. 1, B). 
With faster stimuli several phenomena were 
noted. One was that the spike would respond 
typically only to every other flash in the 4-7 
e/see. range, and to every third flash in the 
7-10 c/see. range. Occasionally, to still faster 
stimuli, the response could be correlated with 
every 4th, 5th or even 6th flash. The spikes 
tended to respond in the 2-3 e/see. range ir- 


respective of the frequency of photic stimula- 
tion. These were the usual responses. How- 
ever, instances were noted in which an alter- 
nate response occurred to a flash rate as low 
as 1 c/sec. and a 1:1 response to as high as 
7 e/see. Many different frequency patterns 
of response were seen. For instance, alter- 
nating 2nd and 8rd subharmonic responses 
occurred. In another instance the response 
dropped out to every 3rd flash. At times, the 
evoked single responses might continue for 
several seconds, then drop out for several 
seconds, and then come in again in a regular 
sequence. 

Another phenomenon that was clearly re- 
lated to flash frequency was the length of the 
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where a 1:1 response continued but with 
gradually decreasing amplitude. 

In addition to the observations relating to 
the frequency and pattern of the spike re- 
sponses, variations could be observed in the 
form of the spike with changing stimulus fre- 
quency. It is of interest that the frequencies 
that evoked the spikes for indefinitely long 
periods (14 and 1 ¢/sec.) were also those that 
gave a spike response whose form did not 
change during the period of observation. The 
response to 2 ¢/sec. was variable in this re- 
gard. Above 3 ec/sec., if subharmonic re- 
sponses did not intervene, an apparent re- 
organization of the form of response appeared 
inevitable (fig. 4). The wave form and am- 


Illustration of the constant relationship between the slow spike and the 


multiple fast spikes. 


At % and 1 @¢/see. it was usual 


response. 
for the response to occur without change in- 
definitely provided a seizure discharge did 
not intervene. With progressively faster stim- 
uli the total discharge length gradually de- 
ereased until only a single spike was evoked 


at the onset of the stimulus. The frequency 
at which this occurred varied somewhat but 
it was frequently seen at 30 ¢c/sec. and above. 
‘“Off’’ responses were usual also at these 
frequencies (fig. 1, C). A characteristic pat- 
tern of spike discharge to rapid stimulation 
was several slow spikes occurring at short 
intervals (2-3/see.) followed by several at 
increasingly longer intervals (fig. 2). Single 


slow spikes seen only at the initiation of 
the stimulus were progressively less frequently 
observed in the slower frequency range but 
were noted as low as 1 ¢/see. Termination of 
the response to slow stimuli usually occurred 
with subharmonic responses at increasing in- 
However, 


tervals. instanees were observed 


The slow spike may be either spontaneous or evoked. 


plitude changes varied from preparation to 
preparation, but were relatively constant for 
any given preparation. An expected and not 
infrequent finding was that of lower ampli- 
tude of 1:1 responses above 3 c/sec. However, 
in some instances the fast (4-7 ¢/sec.) 1:1 
responses appeared of higher amplitude. In 
some cases this appeared to be due to the 
superimposition of the spike of each succes- 
sive response on the negative swing of the 
slow wave of the preceding wave complex. In 
this range, it was common to see slight modi- 
fications of the form of the response with 
each successive stimulus. Differences from 
preparation to preparation may be in part 
explained on the basis of electrode placement 
and location of the discharging focus in rela- 
tion to the electrodes. 

These observations suggest the difficulty 
in designating the refractory period of the 
neural system responding with the spike dis- 
charge. If one takes the highest frequency 
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at which a 1:1 response usually occurs the 
refractory period would be in the order of 
330 msec. However, the instances in which a 
response occurs to every other flash at a 
1 ¢e/sec. flash rate indicates that the system 
may be refractory for longer than 1000 msec. 
Two other observations suggest that even 
though the system will respond in a 1:1 man- 
ner at frequencies of 3 ¢c/sec. (and occasion- 
ally higher) that complete recovery does not 
occur in intervals shorter than 330 msec. 
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an autonomous firing of rapid spikes, this 
firing usually being at rates between 10-20 
e/sec. These seizure discharges were always 
seen to arise from the region of the slow 
spike focus and progress gradually to involve 
adjacent homolateral and contralateral elec- 
trodes. 

In some experiments, pairs of frequencies 
were compared for their tendency to bring on 
such seizure discharges. In one experiment 
flash rates of 3 e/sec. and 30 @G/sec. were 
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Fig. 4 
Changes in the form of the spike response without change in the frequency 


of the photic stimulus. 


A. Increased amplitude with conversion of a 1:1 to a 1:2 response with 
stimulation at 2.8 c/sec. Preparation anesthetized with Nembutal. 

B. Progressive change in the response configuration during 1:1 ‘‘follow- 
ing’’ with a stable pattern appearing after a 1:2 relationship is 


established. Preparation curarized. 


C. Alteration of the response characteristics with a change from a 1:2 to 
a 1:1 relationship. Preparation curarized. 


These observations are that at 3 c/sec. and 
above in no instance has the discharge con- 
tinued indefinitely, whereas this does occur 
at slower rates, and that modifications in 
the form of the response occur. 

The slow spikes were not evoked by audi- 
tory or somesthetic stimuli, in the prepara- 
tions with visual cortex injections. In other 
preparations injection of penicillin in audi- 
tory cortex resulted in discharges responsive 
exclusively to auditory stimuli. 


The multiple fast spike discharge 


As previously indicated, as the experiment 
progressed certain frequencies would induce 


presented for 10 sec. each with an interval 
of 30 sec. between stimulations. Each fre- 
quency was presented sequentially twice to a 
total of 80 samples. Paroxysmal after-dis- 
charge lasting one or more seconds after the 
termination of the stimulus occurred 29 times 
to the 3 ¢/sec. flash rate compared with only 
once to the 30 ¢/see. rate. Spontaneous seizure 
discharges occurred twice in the intervals 
after the 3 ¢/sec. stimulations and 5 times 
after the 30 c/see. Other early experiments 
showed that 10-20 ¢c/sec. flash rates were not 
as effective as slower frequencies and that 
frequencies above 20 c/see. were minimally 
effective. 


ACTIVATION OF EXPERIMENTAL CONVULSIONS 


After the general trend was established, a 
series of 7 cats was used to define more clearly 
the relative effectiveness of each of 22 fre- 
quencies in inducing rapid paroxysmal dis- 
charges. The frequencies were randomized 
and presented for 10 sec. followed by a 20 see. 


SEIZURE DISCHARGES WITH 
PHOTIC STIMULATION 
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Fig. 5 

The number of evoked seizure discharges persisting 
more than 1 sec. after termination of 10 sec. of 
photic stimulation for each of 22 frequencies. Fre- 
quencies sampled: 4, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 
14, 16, 18, 21, 24, 27, 30, 40, 50, 100. Total trials 
at each frequency, 35. Seizure discharges occurring 
spontaneously between presentations are also graphed. 
See text for further explanation. 


NO. SEIZURE DISCHARGES 


period after the end of the stimulus or seizure 
discharge prior to the presentation of the 
next frequency. The cats were curarized and 
artificially respirated. Thirty-five trials at 
each frequency were obtained, the number for 
each cat varying from 3 to 10. Of the total 
of 757 trials, 364 seizure discharges occurred. 
The number of positive responses at each of 
the 22 frequencies is shown in figure 5. As 
shown, frequencies from 1-4 ¢c/sec. gave the 
highest number of positive responses. The 
number gradually fell off for higher frequen- 
cies so that above 24 c/see. less than one-third 
of the presentations resulted in seizure dis- 
charge. None of the preparations showed an 
emphasis in other than the low frequency 
range. This was also true of other non-cura- 
rized alert preparations in which the injection 
of penicillin was carried out under local 
anesthesia. 

The number of positive responses during 
any given series of the 22 stimulus frequen- 
cies varied from 2 to 20. When only 2 or 3 
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frequencies evoked seizure activity, the active 
frequencies were almost invariably in the slow 
range. As the number of after-discharges 
increased, higher frequencies were progres- 
sively brought in as activating frequencies. 
This great variation in responsiveness of the 
focus from preparation to preparation as well 
as in time in any given preparation should be 
noted. Early in the experiment without excep- 
tion, and rarely throughout the entire exper- 
iment in certain preparations, no after-dis- 
charge would occur to any frequency, al- 
though the slow spikes could be readily evoked. 
At the other extreme seizure activity would 
oceur at the initiation of any frequency. At 
this point the serial presentation of stimuli 
was routinely discontinued for no differen- 
tial effect could be observed. The increasing 
excitability of the focus with time is dem- 
onstrated by the fact that immediate onset 
of seizure activity preceded by a single evoked 
slow spike occurred to less than 1 per cent 
(1 of 142) of the presentations during the 
first series, 11 per cent of the second series, 
27 per cent of the third, and 40 per cent of 
the fourth. This type of onset oceurred 117 
times in this series. The remainder began at 
varying times following the initiation of the 
photic stimulus. 


Data obtained on other alert preparations 
in which the photie stimulus was continued 
throughout complete seizure cycles, demon- 
strated that 1-4 c/sec. stimuli were also clearly 
more effective in causing an early onset of 
seizure discharge than either slower or faster 
frequencies. 


A total of 40 seizure discharges were ob- 
served to arise during the 20 sec. intervals 
between presentations of the photie stimulus. 
These spontaneous discharges tended to occur 
after periods of stimulation with frequencies 
less effective in initiating seizure discharges. 
Thus only one such discharge occurred after 
the trials with 1, 2, 3 and 4 e/see. stimuli 
whereas 11 occurred after 30, 40, 50 and 100 
e/see. stimulation. An average of the spon- 
taneously occurring seizures cannot be taken 
as a baseline of seizure activity inasmuch as 
the repeated stimulations may well trigger 
discharges on the verge of occurring spon- 
taneously. Furthermore, it is not known 
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whether or not there is an actual increase in 
the number of seizures as a result of the 
repeated stimulations or merely a redistribu- 
tion of the seizures by the differential action 
of the various frequencies. 

Figure 6 shows the incidence of slow spike 
discharges in periods of non-seizure pattern 
during the 35 presentations of the 22 stimulus 
frequencies and spontaneous spikes in the 


EVOCATION OF SPIKES 
WITH PHOTIC STIMULATION 
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FLASHES PER SECOND 
Fig. 6 
Two curves showing the incidence of evoked slow 
spikes correlated with frequency of the photic stimulus 
and the incidence of spontaneous spikes occurring in 


the 10 sec. prior to each presentation. The same 
frequencies are sampled as in figure 5. See text. 


10 see. period prior to each presentation. The 
eurve for spontaneous spikes serves as a con- 
trol as to the variability of their incidence. 
The average consistently fell between 1.5 and 
2.0 spikes per 10 sec. The incidence of evoked 
spikes is given in average number of spikes 
per 10 see. of stimulus duration. Instances 
where only a single spike immediately fol- 
lowed by a seizure discharge occurred were 
omitted from the tabulation. 

It is seen that there is an increasing effec- 
tiveness of the stimulus to 3 and 4 ¢/see. with 
a gradually decreasing effectiveness to 100 
e/see. It is of interest that the slow spike 
incidence for 100 ¢c/see. is little more than 
one over the spontaneous level, suggesting that 
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the ‘‘on’’ spike at the initiation of the stim- 
ulus can alone account for the slightly in- 
ereased incidence. Suppression below the 
spontaneous level was not seen with any of the 
tested frequencies. This curve is similar 
though not identical to the curve of the num- 
ber of seizure discharges occurring during 
each frequency, suggesting a_ relationship 
between the two phenomena. The most notable 
difference is the relatively greater effective- 
ness of 14 and 1 ¢/see. stimuli in activating 
seizures than in evoking slow spikes. 

Another distinguishing feature is now 
apparent between the slow and multiple fast 
spikes. The frequencies most effective in in- 
ducing the multiple spike discharge do not 
correspond to the frequencies of such dis- 
charges, whereas the critical frequencies for 
maximal evocation of the slow spikes do cor- 

“respond to the upper range of the repetition 
rate of the slow spike. 

The curve for slow spike incidence has 
several inherent defects which should be men- 
tioned. One results because a time period 
must be chosen. The results will vary accord- 
ing to the length of this period. Thus, as 
previously mentioned, responses at very slow 
frequencies — 1%, 1, 2 e/see. — will continue 
for long periods of time unchanged, whereas 
responses at high frequencies occur grouped in 
the first several seconds. With time periods 
longer than 10 see. the very slow frequencies 
will give relatively higher values. Another 
defect is that the seizure discharge intervenes 
more often with slow frequencies so that the 
initial 2-3 see. must be accepted as the typical 
response for the entire 10 see. Furthermore, 
such a curve tells nothing of the form of the 
spike. In spite of these limitations it is felt 
that the parellelism is worthy of note. 


DISCUSSION 


Clinical observations suggest that frequen- 
cies higher than the ones found in this exper- 
imental study are most effective in inducing 
seizure discharges, and that harmonic rela- 
tionships are important. Walter and Walter 
(1949) state that in patients, mostly children, 
whose spontaneous spike-and-wave seizure dis- 
charges arise or are most prominent in the 
posterior regions, flash rates at the fourth or 
fifth harmonie of the fundamental wave and 
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spike rhythm are most effective. These are 
in the 12 to 18 ¢/sec. range. In rare cases the 
seizure pattern can be induced by stimulation 
at the fundamental. Storm von Leeuwen 
(1953) cites a case in which the only way to 
provoke an EEG abnormality was to flicker 
at 18-20 c/sec. A major seizure followed in 
this instance. He goes on to state: ‘‘The 
effective flash frequency usually is about 15 
per sec. but is sometimes lower.’’ Gastaut e¢ al. 
(1951) have also emphasized the particular 
efficacy of 15 c/see. Thus the emphasis of 
the 1-4 c/see. frequencies in evoking seizures 
in these preparations stands in sharp contrast 
to the clinical observations. It may be that 
species differences are such that further spec- 
ulation is unwarranted. However, in the event 
that this is not the case, the difference in 
the type of basic pathophysiologic disturbance 
should also be considered. Our lesion is in- 
duced by a chemical agent and the neural 
abnormalities may be quite different from 
those present in either a traumatic scar or in 
the physiologic defect in ‘‘idiopathic’’ seiz- 
ures. The cited cases demonstrate bilaterally 


synchronous spike-and-wave responses and 
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presumably fall into the ‘‘idiopathic’’ group. 
The location of the epileptogenic disturbance 
may also play a role. Thus our lesion is cen- 
tered within visual cortex whereas the dis- 
turbance in ‘‘idiopathie’’ epilepsy may be 
diffuse or may particularly involve deep mid- 
line nuclei. This concept may be extended 
to include the possibility that the photic stim- 
ulus ean directly influence the epileptogenic 
focus in our preparations whereas in the usual 
ease of photogenic epilepsy the effect may be 
mediated through the influence of the stim- 
ulus on the normal rhythms. 


Gastaut et al. (1951) have carefully in- 
vestigated the normal cortical excitability 
eyele in the cat and have proposed that this 
is the explanation of the effectiveness of 
the 15 e/see. stimulus frequency. Obviously, 
this suggestion is not applicable to our find- 
ings. A more pertinent observation may be 
that of Gastaut and Hunter (1950) that the 
strychninized cortex has a refractory period 
of 250 to 350 msee. In preparations using 
local cortical application of strychnine or 
Metrazol, they also noted ‘‘alternance’’ of 
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response to stimuli faster than those corre- 
sponding to the refractory period, the phe- 
nomenon of a single initial response to ‘‘suf- 
ficiently high’’ frequencies, the appearance of 
spontaneous spikes not showing a precise rela- 
tionship to the stimulating rhythm at these 
high frequencies and the fact that the local 
application of a convulsant agent to the visual 
cortex never brings about the irradiation of 
the response to light to the anterior brain 
regions. Cobb et al. (1955) have recently 
described characteristics of photically evoked 
strychnine spikes in cats under Nembutal 
anesthesia. They noted that the maximum 
frequency at which the spikes could be evoked 
was between 3 and 3.5 ¢/sec., that the response 
occurred at subharmonics of the flash fre- 
queney with stimulation between 4 and 9 
e/see., and that at higher frequencies the 
spikes were either completely blocked or else 
occurred spontaneously with no relation to 
the flashes. Thus many aspects of the form 
and behavior of the penicillin evoked slow 
spikes to intermittent photic stimulation ap- 
pear similar to the strychnine and Metrazol 
spikes. 


In describing the characteristics of cor- 
tical irradiation potentials induced by Met- 
razol and photic stimulation in eats under 
Nembutal anesthesia, Hunter and Ingvar 
(1955) noted that at a stage when sponta- 
neous trains of 3 c/sec. spike and waves were 
present, stimulation with ‘‘2.5 to 4 flashes 
per see.’’ resulted in either a generalized seiz- 
ure or an ‘‘attenuation’’ and disappearance 
of the irradiation response. There is a close 
resemblance between these findings and those 
seen with the cortical injection of penicillin. 
The main difference appears to be that in 
the latter situation the seizure can be observed 
to develop by gradual spread from the focal 
spike discharge, ‘‘irradiation’’ not occurring. 
‘‘ Attenuation’? was seen repeatedly in the 
present study. It was more likely to follow 
in the early phase of the focal abnormality 
where it was established that the length of 
the response was related to the frequency of 
stimulation. Later, seizure activity almost 
always occurred with stimulation at critical 
frequencies. It is interesting to note that 
Hunter and Ingvar concluded that the fre- 
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queney sensitivity was dependent upon cor- 
tical factors. It is reasonable to presume this 
to be true also in the present study. 


The refractory period of the neural system 
responding after the local application of peni- 
cillin as evidenced by the point of alternation 
of response may be between 250 and 350 msec., 
although some evidence suggests complete re- 
covery occurs more slowly. However, in gen- 
eral those frequencies whose intervals approx- 
imate the refractory period of the discharging 
system give both the greatest number of slow 
spikes and seizure discharges. Frequencies 
that are subharmonics or harmonics of the 
frequency that corresponds to the refractory 
period have a lesser tendency to evoke seizure 
discharge. In none of our preparations was 
there evidence of any one harmonically related 
group of frequencies being particularly effec- 
tive. 


As the photic stimulus becomes slower it 
reaches the point of evoking the slow spikes at 
the same rate as the spontaneous slow spikes 
(1-2 per 10 sec.). The spikes are thus rear- 
ranged but there is no observable increase in 
the propensity. of the focus to induce a seizure 
discharge. This tendency increases with in- 
creasing incidence of the slow spikes, with 
the frequencies that group around the refrac- 
tory period being of greatest effectiveness in 
precipitating seizure discharges. Above 5-6 
e/sec. the decreasing incidence of seizures 
closely parallels the decreasing ability of the 
higher frequencies to induce slow spikes. The 
decreased amount of slow spike activity on the 
two slopes of the curve is clearly the result 
of different mechanisms, the mechanism being 
apparent for the up slope and obscure for the 
down slope, even though the fact that most 
of the rapid frequencies will fall within the 
refractory period is clear. Somehow, however, 
the excitability of the system is reduced dur- 
ing the continued rapid stimulation so that 
even those stimuli that would be expected to 
fall during the excitable portion of the period 
fail to fire the system. 


The behavior of the slow spike under dif- 
ferent frequencies of photic stimulation ap- 
pears to serve as an indicator of which fre- 
quencies will precipitate actual seizure dis- 
charges most frequently. 


Whether or not 
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certain patterns of slow spike behavior are 
eausally related to the seizure discharge is 
a matter for speculation. The constant sequen- 
tial relationship between the slow spike and 
seizure discharges, as well as the correlation 
between the relative ability of various fre- 
quencies to provoke both slow spikes and seiz- 
ure discharges, leads to the consideration of 
such a possibility. An alternate possibility is 
that the slow spike and the multiple fast 
spiking are both controlled by a common 
neural mechanism. 


Another question of some interest concerns 
the relationship between certain components 
of the normal response of the visual cortex 
to a single flash and the initiation of the 
paroxysm. The complex electrical events fol- 
lowing a visual stimulus have been outlined 
by Brazier (1953). Two components appear 
to be of particular interest, the primary re- 
sponse, a short latency potential of restricted 
spread, and the secondary discharge, a longer 
latency potential, of wider distribution. 
Whether the primary response or the second- 
ary discharge is of exclusive efficacy in the 
evocation of the paroxysmal slow spikes and 
the seizure discharges cannot be answered 
from our data. However, it appears that fre- 
quency rates which might be expected to allow 
only repetition of the primary response are 
less effective than those which would allow 
both a primary response and secondary dis- 
charge to follow each stimulus. 


CONCLUSIONS 


1. The sequence of events resulting from 
the local cortical injection of penicillin in oil 
is deseribed. With visual area lesions, the 
focal intermittent slow spikes are responsive 
to intermittent photic stimuli and can be dis- 
tinguished from the multiple fast spikes which 
are non-responsive. The latter are manifested 
by seizures, if spread to motor centers occurs. 


2. Variations in the frequency of afferent 
visual stimuli affect both the incidence of the 
slow spike and seizure discharges. In the 
present study, slow frequencies (1-4 ¢/see.) 
are observed to give a maximal incidence of 
regular slow spikes over long periods of time 
and a high incidence of seizure discharges. 
Fast frequencies result in irregular subhar- 


monic responses for brief periods or single 
slow spikes and precipitate seizures infre- 
quently. 

3. The effective frequency range corre- 
sponds with frequency response characteristic? 
of the slow spike rather than with either the 
frequency range of the normal alert cat elec- 
troencephalogram or of the multiple fast 
spikes. 
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mittee’s consideration to the Chairman, at 551 Madison Avenue, New York 22, 
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UNUSUAL EEG IN UNCONSCIOUS PATIENT WITH BRAIN STEM ATROPHY 
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Department of Neurology, Department of Neurosurgery and the Neuropathological 
Section of the Institute of Pathologic Anatomy, Oslo University, 

Oslo,. Norway 


(Received for publication : April 26, 1956) 


Electroencephalographic changes in disturbances 
of consciousness have already been reported by Berger 
(1932). The same observation has later been con- 
firmed by numerous authors (Strauss, Ostow and 
Greenstein 1952; B. Kaada 1952). 

The following case of a patient who, subsequent 
to vertebral angiography, stayed unconscious for one 


Fig. 1 


Vertebral arteriogram. Contrast-filling of the arteries of the 
brain stem area to the level of the superior cerebellar arteries. 


year and a half without appreciable EEG changes, 
exhibits many points of interest. 

Case report: A. F., male, age 63 was admitted 
to the Neurosurgical Department of the University 
Hospitals in Oslo with clinical signs indicating bulbar 
lesion. 

To conform the diagnosis which was vascular 


Fig. 2 
Base of brain showing extensive arteriosclerosis and organized 
saccular aneurysm at the top of basilar artery obstructing the 
passage of contrast from the basilar to the posterior cerebral 
arteries and thus explaining the non-filling of these arteries 
in the arteriogram. 
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Fig. 3 
Sections (Weil’s myeline stain) at level of medulla oblongata, showing bilateral 
atrophy of pyramidal tracts, posterior fascicules, median lemniscs, cerebellar tracts, 
whole pontine region with posterior part of mesencephalon including inferior colliculus. 


Fig. 4 


Sections (Weil’s myeline stain) of the cerebellar cortex showing it for the most part 
destroyed. 
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lesion of the brain stem, an injection of 6 ml. 
Thorotrast was made in the right vertebral artery 
with the catheter methode. 

Three minutes after the injection a pronounced 
aggravation of his bulbar signs were evident and the 
patient became unconscious. Tracheotomy was per- 
formed immediately. 

The main clinical findings were as follows: the 
pupillary reaction to light was preserved. The corneal 
reflexes were weakened. There was no response to 
pain stimuli, neither from face nor from rest of 
body. There was hypotonic quadriplegia, and after 
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cortical and deeper white matter the rather wide 
perivascular spaces and the densely packed glial cells 
indicated some diffuse atrophy. The basal ganglia 
appeared normal but for a marked precipitation of 
ferrocalecium in the walls of the arteries, veins and 
capillaries of the globus pallidus. The hypothalamic 
nuclei appeared normal. The lower parts of the red 
nuclei were deprived of nerve cells, while the rostral 
parts were preserved. The substantia nigra had lost 
a few nerve cells. The superior colliculi and the 
lateral geniculate bodies exhibited no pathological 
changes, while the medial geniculate bodies appeared 
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Fig. 5 


In all registrations the electrodes are placed as in this figure and the time marker shows every second. 
Left. EEG registered 2 days before the patient became unconscious. 
Right. EEG registered the day after the patient became unconscious. 


some weeks loss of plantar reflexes — and all deep 
reflexes. The arteriogram (fig. 1) showed contrast 
filling of the arteries of the brain stem, including 
the superior cerebellar arteries, but not of the poste- 
rior cerebral arteries. 

The patient’s clinical condition remained un- 
changed for one year and a half, when he suddenly 
succumbed to coronary thrombosis. 

The autopsy revealed extensive arteriosclerosis of 
the vertebral arterial system and an obliterated sac- 
cular aneurysm at the top of the basilar artery 
(fig. 2) obstructing the passage of water from the 
basilar to the posterior cerebral arteries and thus 
explaining the non filling with contrast of these 
arteries in the arteriogram. On microscopic examina- 
tion the cerebral cortex appeared normal. In the sub- 


reduced in size. The pontine region including its 
reticular substance was severely damaged and mostly 
replaced by a spongy glial tissue. The nuclei of the 
sixth, seventh and eight cranial nerves could not be 
found, while the third and fourth were more or less 
preserved. The pyramidal tracts were destroyed ex- 
cept for a few myelinated fibres in the brachia con- 
junctiva (fig. 3). 

The cerebellar cortex, the dentate nuclei and the 
roof nuclei were for the most part destroyed (fig. 4). 

During the patient’s stay in hospital 17 EEG 
recordings were made, 2 of which before the vertebral 
angiography. The recordings were made under stand- 
ard conditions and after the application of various 
activating stimuli, such as light, touch, pain and smell 


stimuli. Recordings were also made during sleep. 
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TABLE I 


Activation Results 


Slight depression of the elec- 
trical activity in the left tem- 
poral and parietal region. 
8/sec. alpha activity. 


Immediately after the injection of Normal 8/see. alpha activity. 
Thorotrast into the right vertebral 
artery with the patient unconscious. 


Ca 3 ce éé ce¢ 


Des. 4 p.m. Acoustic stim. No changes 
Photie stim. No driving 


éé éé ce c¢ 


Des. 5 p.m. Acoustic stim. No changes 
Pain stim. i at 


Acoustie stim. oc ‘6 ra 66 é ce 


Pain stim. 
Smell (camphor) stim. 


é¢ ce 


é ce 


Des. 6 p.m. Acoustic stim. 7 a ~ es “ ” 
Pain stim. 
Photie stim. ia 
Smell (camphor) stim. 


6é 6 


cé cé ce cc ¢é ée 


Des. 9 Acoustic stim. 
Pain stim. ae oF 
Photie stim. No driving but 
sometimes changes 
in frequency 
Des. 11 oé cé éé Cz 4 
Des. 14 Sleep stim. — a “ sig 
Des. 15 Sleep stim. Sleep spindles sia ne si - 
no K-complex 
Acoustic stim. No changes 
Pain stim. ia 
Des. 18 Pain stim. " sis Some 4/sec. activity in the left 
temporal region. 
Photie stim. as sas 8/sec. alpha activity. 
1954 
Jan. 2 4/see. activity in left temporal 
region with 8/see. alpha aetiv- 
ity. 
Jan. 23 Normal 8/sec. alpha activity. 
April 28 Pain stim. “ * 4/see. in left temporal region 
Acoustie stim. ai os and 6/see. generalized. 
Smell peppermint ae ‘# 
June 17 Pain stim. " 'T 4/see. in left temporal region 
Photie stim. No driving and 6/see. generalized. 


Acoustie stim. No changes 


The dates of the recordings, the results and the 
various activation methods employed are seen in 
table I. 


DISCUSSION 


It will appear from table I and figure 5 that no 
definite pathological cerebral electric activity was 
recorded in the patient before his loss of conscious- 
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EEG also failed to show changes after strong pain 
and sound stimuli. 

One of the authors (Hauge 1954) has described 
loss of consciousness as a complication during or 
after vertebral angiography. In Hauge’s previous 
cases, however, the unconsciousness was always at- 
tended by pronounced EEG changes and by contrast 
filling of the posterior cerebral arteries in the angio- 
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Fig. 6 


Left. EEG registered 5 days after the patient became unconscious. 


The arrow marks a hand-clap. 


Right. EEG registered with photic stimulation the same day. 


ness. The alpha activity frequency was 8 per sec. 
and the voltage 30 ,»V. 

Also after the loss of consciousness a relatively 
regular curve was obtained, the alpha activity and 
voltage remaining unchanged (fig. 5). 

There was a difference, however, in so far as no 
reaction could be elicited clinically or electroenceph- 
alographically after the application of pain and touch 
stimuli or smell stimuli (camphor). Light stimuli 
influenced the cerebral electric activity. On flicker 
stimulation the usual driving did not appear, but 
large variations in the frequency of the stimuli some- 
times produced slower waves in the EEG (fig. 6). 

In order to disclose possible EEG changes during 
sleep nearly continuous recordings were made day 
and night. For a few hours an ordinary sleep pattern 
ineluding sleep spindles was seen (fig. 7). The sleep 


gram. The absence in the present case of disturbance 
of the cerebral electric activity can be explained 
only by the fact that the brain area supplied by the 
posterior cerebral arteries had not been flushed by 
the contrast medium. 

In the present case the autopsy findings proved 
the posterior cerebral arteries to be filled via the 
carotid system and thus explaining the non filling of 
these in the vertebral arteriogram. It would seem 
reasonable therefore to assume that the slow waves 
often described in states of unconsciousness are de- 
rived from structures supplied by the posterior cer- 
ebral arteries. These structures are not necessarily 
affected in all cases of unconsciousness, as is shown 
in the present case. 

Similar cases of normal EEG recordings in un- 
consciousness patients have already been published 
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by C. Loeb and G. Poggio (1953) in a case of a 
ponto-mesencephalic hemorrhage, and by H: Gastaut 
(1954) in a case of an infiltrating glioma of the 
lower pons and medulla. 

Considerable evidence has thus been adduced in 
support of the contention that unconsciousness not 
necessarily is attended by EEG changes when the 
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Blackwell 
Oxford, England, 1954. 


Adrian, F. Bremer and H. Jasper. 
scientific publications. 


HavueeE, T. Catheter vertebral angiography. A clin- 
ical, angiographic and _ electroencephalographic 
study of symptoms and signs (ophthalmic mi- 
graine, visual hallucinations and agnosias, dis- 
turbances of consciousness) accompanying ver- 
tebral angiography with various contrast media, 


a ti a OT a ee 
Fy 


Fy-Ts erent I a eee ae 


T,-T, et nent a alt deo ae ea ee 


T,-0, aaa i at 


Fno-F 


Fae AN, iit acct. iterating tra saatnacit 


T,-T 
T,-0, 


SO I({_ Oe OE 


—--—S~-~rerrv3——_----, eeeeeSeaeaeeooueeeeeeeeeeaemm™="—|] 


[Sov 


AF 


Fig. 7 


EEG registered 11 days after 


lesion in question is situated below that area of the 
brain stem which depends for its blood supply on the 
posterior cerebral arteries. 
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Since the introduction of chlorpromazine, first 
in Europe in 1951, then in America in 1953, into the 
therapeutic armamentarium, it has been the subject 
of much laboratory and clinical investigation regard- 
ing its mode of action and diversity of clinical uses 
(Koetschet 1955; Moyer 1955). While several Euro- 
pean investigators have studied the effects of chlor- 
promazine on the electroencephalogram of epileptic 
subjects, little work of such kind has appeared in 
this country, with the exception of that of Merlis 
(1955), who observed an increase in paroxysmal 
patterns in the electroencephalogram of psychotic 
epileptics. 

The observation to be reported reveals that elec- 
troencephalographie patterns usually associated with 
epilepsy can be produced by a toxie dose of chlor- 
promazine in subjects free from this disorder. . 


Report of Case. 


The patient, a 19 year old college freshman, was 
admitted to the Mount Sinai Hospital on October 12, 
1955. She had been under psychiatric care for a 
psychoneurotic condition which became overt during 
an otherwise normal pregnancy and which continued 
after delivery. She had been taking chlorpromazine, 
25 mgm q.i.d., since May 1955, and although she some- 
times skipped the drug for a week at a time, she 
had been taking it regularly for the month preceding 
her admission into the hospital. 


Present iliness. 


At 2 p.m. of October 12, 1955, she took several 
handfuls of chlorpromazine pills in a suicidal attempt. 
At first she felt elated and went window shopping, 
but by 4:30 p.m. she became sleepy, ‘‘groggy’’ (not 
dizzy), and her heart was pounding. She went to 
her physician’s home and was made to vomit with 
hot water. Her remembrance of this at a later date 
was vague. At 9 p.m. she was admitted to the hospital. 


Past history. 


The patient is the third of three children. She had 
pertussis at age 8; German measles at 9; measles 
and mumps at 14, followed two weeks later by infec- 
tious hepatitis; and infectious mononucleosis at age 
17. None of these were associated with alteration 
of consciousness, and there were no sequaelae. There 
was no history of head injury at birth or sub- 
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sequently, fainting attacks, migraine, or any type of 
paroxysmal disorder. 

There is no family history of epilepsy, fainting 
attacks, or migraine. 


Physical examination. 


On admission the patient was in no distress, lying 
quietly, apparently asleep, but could be aroused and 
answer questions rationally. The oral temperature 
was 99 degrees F., respiration 22, pulse 100, and 
blood pressure 92/68. The systemic examination was 
normal, however the pupils were constricted and the 
reflexes generally depressed. 


Course in hospital. 


Soon after her arrival she was given an infusion 
of 5 per cent dextrose in water. Her blood pressure 
stabilized readily at 100/70, pulse at 90. By the next 


day she was taking fluids p.o. and voiding adequately. 
She continued to sleep soundly but awoke at intervals 
and appeared to be oriented to self, time and place. 
Admission urinalysis, blood count and liver function 
studies were all normal. 


On her second hospital day, she was able to sit 
up, and her only complaint was numbness of the 
tongue. Dysarthria, and a papular nonpuritic rash 
on the left volar forearm were observed. A neurologic 
examination showed no evidence of neurologic deficit, 
especially in regard to basal ganglia or bulbar signs. 
While in the electroencephalographie laboratory she 
appeared to be somewhat dazed, and her memory of 
this event as well as others was hazy when she was 
questioned regarding them one week later. 


She was discharged on October 15. 


The first electroencephalogram obtained October 
14, 1955 revealed a moderate number of diffuse and 
symmetrical bursts of spike and wave patterns with 
frequencies of 3 to 4 per sec. also bursts of 3 ¢/sec. 
activity, which were predominantly symmetrical, but 
also shifted from one side to the other without any 
permanent focal accentuation (fig. 1, 2). 


The second electroencephalogram was taken 12 
days later, on October 26, 1955,.Serpasil 0.25 mg. 
t.i.d. having been substituted for the chlorpromazine. 
This record did not show any spike and wave activity 
or any other abnormality, but occasional sleep pat- 
terns (fig. 3, 4). 
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CHLORPROMAZINE AND EEG 


DISCUSSION 


This neurotic girl attempted suicide with an unk- 
nown quantity of chlorpromazine. At first she expe- 
rienced transient elation which terminated in a state 
of impaired consciousness. She showed fragmentary 
memory for some time following the intoxication as 
evidenced by an amnesia for events occurring during 
the period of her hospitalization, including the time 
when the first electroencephalogram was obtained. 
This electroencephalogram showed diffuse spike and 
wave patterns which were not present in the second 
electroencephalogram taken 12 days later. This indi- 


cates that chlorpromazine in large doses can evidently. 


produce, in a patient without epilepsy or organic 
brain disease, a type of electroencephalographic ab- 
normality usually found in epileptics. 

Chlorpromazine used in the treatment of disturbed 
psychiatric patients has proven its quieting effect, 
especially in states of psychomotor excitement and 
mania (Leumann et al. 1954; Goldman 1955; Barsa 
et al. 1955). Electroencephalographie 
various investigators reflect this tranquillizing effect. 
In a study by Liberson: (1955) chlorpromazine ad- 
ministered to 19 chronic schizophrenic patients (up to 
400 mg. q.d.) for 5 months, produced slight changes 
in the, electroencephalogram and these were related 
to the alpha activity, producing a regularizing effect 
on the alpha rhythm, reflecting the clinical tranquil- 
lization of the patients. 

Lehmann and Hanrahan (1954) report that elec- 
troencephalographic studies in chlorpromazine treated 
patients, tend to show ‘‘clear tracings comparatively 
free from muscle artifacts and tension discharges’’ 
without alteration of ‘‘the basic character of the 
individual electroencephalogram as long as the subject 
is awake’’. According to Terzian (1952) chlorpro- 
mazine produces an electroencephalographic pattern 
similar to normal sleep. Monroe et al. (1955) in 
cortical and subcortical studies on 4 monkies and 4 
humans, found that 50-100 mg. of chlorpromazine 
given intravenously produced ‘‘a relaxed record with 
short bursts of drowsiness and occasional light sleep, 
during which time the subject was motionless, with 
eyes closed, appearing asleep, but easily aroused’’. 

Therefore all these electroencephalographic studies 
in patients and animals presumably without epilepsy 
or organic brain disease demonstrate such changes 
in the electroencephalogram which are usually asso- 
ciated with relaxation and sleepiness and do not 
describe any abnormalities induced by chlorpromazine. 

On the other hand, in epileptics, Merlis (1955) 
observed that chlorpromazine, while relieving anxiety 
and agitation, could also accentuate the typical elec- 
troencephalographie patterns of epileptic activity, 
and produce convulsions in 2 per cent of his 150 
epileptic patients. Bente (1954) also reports an 
increase in electroencephalographic abnormality with 


studies by. 
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chlorpromazine. This is in agreement with the clin- 
ical observation of Broussolle (1955) who found that 
chlorpromazine aggravates epileptic disturbances and 
increases the frequency of episodes. Similarly, Bona- 
fede (1955) notes that chlorpromazine does not appre- 
ciably reduce the frequency of seizures in psychotic 
epileptics when maintenance therapy of phenobarbital 
or Dilantin is reduced. Lomas et al. (1955) in a 
study of the complications of chlorpromazine therapy 
in 800 mental hospital patients, report the occurrence 
of epileptic fits in 10 of these patients. ‘‘In only 
one of these ten patients... had no tendency to ep- 
ilepsy been observed, but in all of them fits were very 
rare, had been absent for a long time, and with one 
exception, have not recurred since treatment with 
chlorpromazine was stopped.’’ ‘‘The fact that the 
epileptic fits had no relationship either to dosage 
or to duration of treatment suggests that chlorpro- 
mazine has epileptogenic properties which may lead 
to manifest fits in susceptible people.’’ No electro- 
encephalographic report is made in these cases. 

While there seems to be no doubt that chlorpro- 
mazine induces or increases fits in known epilepties, 
there is only the one nonepileptic, feported by Lomas, 
in whom seizures were induced by chlorpromazine. 

Until now, no case has been reported where elec- 
troencephalographic abnormalities indicative of ep- 
ilepsy were produced by chlorpromazine in a nonep- 
ileptic. We believe our case is the first to be reported. 

The provocation of focal electroencephalographic 
abnormalities in patients with foeal cortical seizures 
has been demonstrated by several European authors. 
Mayr and Leihner (1954), made a comparison of 
chlorpromazine, Metrazol, and Pentothal, in regard to 
their ability to activate the electroencephalogram ‘in 
patients with temporal lobe epilepsy. Focal epileptic 
patterns including spikes were induced in 86 per 
cent of patients with chlorpromazine, in 36 per cent 
with Metrazol, and in 32 per cent with Pentothal. In 
8 patients in whom chlorpromazine induced temporal 
spikes, these were not associated with a sleep pattern. 
A corresponding observation was made by Bente 
(1954) in one of his cases. 


SUMMARY 


All these observations including our own show 
that the clinical and electroencephalographie effects 
of chlorpromazine are extremely complex. Chlorpro- 
mazine has: (1) an effect similar to that seen in 
many sedative drugs; (2) effects similar to that of 
Metrazol which has been shown to provoke localized 
spikes in patients with focal seizures (Kaufman et 
al. 1947) and diffuse spike and wave patterns in 
nonepileptic subjects (Strauss et al. 1952). The fact 
that the provocation of focal spikes by chlorpro- 
mazine is not associated with clinical or electroenceph- 
alographie signs of sleep makes its activating effect 
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Electroencephalograms after withdrawal of chlorpromazine. 


very similar to that of Metrazol. According to the 
literature, it seems to be even more promising in the 
provocation of focal spikes. 

We cannot make any statement as to the amount 
of chlorpromazine necessary to produce diffuse spike 
and wave patterns either in normals or epileptics, 
but can state that such patterns ean be produced in 
normals. The question of the quantity is open for 
further investigation. So also is the question of the 
point of attack of chlorpromazine on the central 
nervous system, on which several assumptions have 
been made, none of which, however, explains all the 
observed facts. 
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PONTINE OR “RETICULAR” EPILEPSY : REPORT OF A CASE 
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First Surgical Division, Kyoto University Medical School, 
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This report concerns a patient of probable pontine 
epilepsy of traumatic origin. 

Patient E. K., a laborer 28 years old, was admitted 
to our clinie on April 23, 1955, with chief complaint 
of convulsive attacks of the right half of the body 
with loss of consciousness. In August 1954, he was 
struck on his chest by a falling wood weighing about 
70 kg. and lost consciousness for several minutes. He 
noticed after trauma reduced sensibility of right 
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at the elbow and knee, showing intermittent twitch- 
ings. Left extremities are flaccid throughout. This 
fit can be precipitated by pain delivered to various 
parts of the body, if the pain is of sufficient inten- 
sity and it seems that the stronger the stimulus, 
the longer the duration of seizure. 

In a minor seizure of short duration (10-20 sec.) 
there is mere unconsciousness 1 with general flac- 
cidity, whereas in a longer one (of about 3 min. 


C 


Fig. 1 


: 30 sec. after injection. The patient is unconscious. 
: 1 min. 30 sec. after injection. 


name. 
rietal. O, occipital. E, ear lobe. 


OR > 


upper and lower extremities and of left half of face, 
and sometimes also pins and needles in the latter 
region. Since December 1954, he has had epileptic 
seizures at intervals of about a week. 

Previous and family histories show nothing partic- 
ular. On admission, the patient’s seizure was seen 
to occur in the following pattern. 

He suddenly loses consciousness and falls down. 
After 2-15 sec. the head is turned to the left and 
right upper and lower extremities are tonically 
extended. Right extremities are then lightly bent 


(Slow positive deflections are blinking artifacts.) 


: Before subcutaneous injection of 0.5 cc. of 50 per cent alcohol. 
No motor phenomena. 


At arrow the patient is awakened and responding to calling by his 


Abbreviations: F, frontal. C, central. P, pa- 


duration) tonic spasms of the right half of the body 
alternate with general flaccidity. The same seizure 
can be precipitated by compression of carotid artery, 
especially on the left side, but no marked change 
is noticed in pulse rate or blood pressure. No terminal 
sleep takes place. 

There are no sears or deformities of head. Tactile, 


1 Unresponsive to nociceptive stimuli, for example to pin 
prick. No response to calling by name and no memory. 
Corneal reflex, diameter of pupils and their reaction to light 
are normal. Eyeballs are lightly deviated to left and down- 
ward, but nystagmus is not present. 
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pain and thermal sensibilities are reduced in the 
left half of the face and in the right half of the 
neck and trunk and in the right upper and lower 
extremities. Motility of extremities suffers no re- 
markable impairment. Pressure of cerebrospinal fluid 
is 170 mm. of water. The left carotid angiogram as 
well as the pneumo-ventriculogram are normal. 

Interseizure EEG shows diffuse 4-10/sec. (mainly 
6-7/sec. with some alpha) waves below 50 yV. and 
no distinct seizure activity can be recorded (ef. fig. 
1A). Upon delivering painful stimuli — for example, 
pressure on the suture line of the trephine wound for 
ventriculography, subcutaneous injection of 50 per 
cent alcohol — or compression of carotid artery, the 
EEG shows immediately more or less marked desyn- 
chronization, corresponding to the beginning clinical 
seizure (fig. 1B). No distinct spike discharges can 
be seen in ictal as well as pre- and postictal periods. 

In injecting Pentothal slowly, a relatively small 
dose (60 mg.) can induce unresponsiveness accom- 
panied by low voltage fast EEG with suppression of 
preexisting slow components — at a stage before 
appearance of marked barbiturate fast waves. In the 
stage of anesthesia showing prominent slow waves, 
heavy nociceptive stimuli cannot elicit any marked 
changes both in EKG and in clinical features, whereas 
in the succeeding regressive stage with predominant 
barbiturate fast waves (the patient is still uncon- 
scious) painful stimuli induce a seizure. 

After blocking stellate ganglia on both sides by 
Xylocaine (May 24) he felt fine in his head and the 
attack was hardly precipitated. Accordingly, left 
stellate ganglionectomy was carried out on May 27: 
Prominent left Horner’s sign appeared after opera- 
tion, and we became unable to precipitate the seizure 
by any nociceptive stimuli. In postoperative EEG 
alpha waves became more apparent. Since leaving the 
hospital (June 14) he has been feeling agreeable up 
to the present time (9 months later). He has had 
two mild fits, when fatigued with excessive labor. 
Crossed hemihypesthesia is persisting. 


DISCUSSION 


Penfield and Erickson (1941) reported several 
cases of mesencephalic seizure. Although the seizure 
of the present patient is different from Penfield’s 
typical decerebrate attack in some aspécts — for 
example, the lack of pronation of arm and of plantar 
flexion of foot and the presence of twitching — there 
seems to be no doubt about the location of the lesion 
in the left pontine region in view of the presence of 
crossed hemihypesthesia. Restriction of the tonic 
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attack to the right half of the body and turning of 
the head to left (Bazett and Penfield 1922) may also 
favor this assumption, and paresthesia of the left half 
of the face suggests irritative nature of the lesion. 
Because of the normal pneumoventriculogram, the 
normal angiogram and the absence of any distinct 
spike or focalized dysrhythmia, there seems to be no 
reason for assuming any cortical lesion. 

Of special interest in this case is the precipitation 
of seizure — especially of loss of consciousness — 
by pain. The desynchronizing tendency of EEG by 
pain in this case may be the alerting reaction effected 
by impulses passing through the route of sensory 
collaterals (Moruzzi and Magoun 1949; French, Ver- 
zeano and Magoun 1953). Important, however, is the 
fact that this EEG change is accompanied by loss 
of consciousness instead of alerting. 

As the activation of EEG can be elicited by wide 
varieties of stimuli delivered to the reticular system, 
it is possible that in case of epileptic bursts of the 
arousal system the EEG is desynchronized while con- 
sciousness is impaired as a result of disturbance of 
the normal function of that system. Thus a type of 
epilepsy such as in this case may be named ‘‘ reticular 
epilepsy’’.1 As to the reason for the excellent re- 
covery by stellate ganglionectomy, nothing definite 
ean be said at present. 


SUMMARY 


A case of probable traumatic pontine epilepsy has 
been presented. In this case seizure was easily pre- 
cipitated by pain, and desynchronization of EEG was 
seen during seizure. The disease was improved by 
cervical sympathectomy. It is supposed that desyn- 
chronization of the EEG accompanying an uncon- 
scious fit may be characteristic of epileptic bursts in 
the reticular system i.e. ‘‘reticular epilepsy’’. 


REFERENCES 


BazeTt, C. and PENFIELD, W. A study of the Sher- 
rington decerebrate animal in the chronic as well 
as the acute condition. Brain, 1922, 45: 185-264. 

FRENCH, J. D., VERZEANO, M. and MaGcoun, H. W. An 
extralemniscal sensory system in the brain. Arch. 
Neurol. Psychiat., Chicago, 1953, 69: 505-518. 

Morvuzzi, G. and MaGcoun, H. W. Brain stem reticular 
formation and activation of the EEG. EEG Clin. 
Neurophysiol., 1949, 1: 455-473. 

PENFIELD, W. and Erickson, T. C. Epilepsy and Cer- 
ebral localization, Charles C. Thomas, Spring- 
field, Ill. 1941. 


1In cases showing such symptoms as in the present 
patient hysteria should be taken into consideration, but this 
will be excluded in our case because seizure could be pre- 
cipitated — or rather facilitated — at the stage of light 
barbiturate anesthesia when he was unconscious. 


report of a case. 


EEG CHANGES IN AMYOTROPHIC LATERAL SCLEROSIS 


WALTER J. FRIEDLANDER, M.D. 


Neurology Section, VA Hospital, San Francisco, Calif. 


(Received for publication : 


It is difficult to find a disease that directly or 
indirectly involves the central nervous system in 
which the associated EEG findings have not been 
the subject of at least one report. It was therefore 
surprising, when in answer to a specific case, search 
of the literature on EEG and on amyotrophic lateral 
sclerosis failed to reveal any such information except 
for one paper and one case report (Valentiejus 1956) 
in which a normal EEG was commented upon in pas- 
sing. Guillain, Bertrand and Godet-Guillain in 1940 
described EEG abnormalities in 3 out of their 6 cases; 
the types of abnormalities were: anterior slowing, 
paroxysmal activity, and 2-3 per sec. fronto-parietal 
spike-wave complexes. 

There is, of course, reason to suspect that some 
alteration of the EEG might occur in.this disease 
since brain changes are found even though there is 
a difference of opinion as to how mych and how 
often the cerebral cortex per se is usually involved. 
From experience with other central nervous system 
degenerative diseases, it is expected that if there 
are EEG changes in this disease they are probably 
not very great ones. 


RESULTS 


The EEGs of 18 consecutive patients who had 
amyotrophie lateral sclerosis or progressive spinal 
muscular atrophy were reviewed. The history and the 
locations of the motor neuron involvement in each 
case is summarized in table I. 

The EEGs of 12 patients were normal; the findings 
in the remaining 6 are as follows: 

(1) J. A. M. — A 55 year old male who in 
addition to his neurological disease had, on admission, 
a blood pressure of 160/94 as well:as an abnormal 
EKG which was interpreted as being consistent with 
an. old myocardial infarction. He eventually had 
definite evidence of upper motor neuron, bulbar 
lower motor neuron and spinal lower motor neuron 
involvement. His EEG on 11-8-48 was normal; at that 
time he presented only upper motor neuron signs. 
On 11-2-49 his EEG was interpreted as being mildly 
abnormal because of some scattered theta and poorly 
defined anterior paroxysmal activity. In the interim 
between the first second EEG, bilbar and spinal 
lower motor neuron disease had become evident and 
there was-also. some ¢hange in his: personality char- 
acterized by unwarranted laughter and unusual ir- 
ritability. Three subsequent recordings obtained over 
the next 9 months did not show any significant 
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steadily 
during this time and he became more irritable and 


change; clinically his disease progressed 
tearful. Post-mortem obtained 8 months after his 
last EEG showed loss of cortical neurons as well 
as bulbar and spinal lower motor neuron changes. 

(2) R. E. H. — A 46 year old male who had 
definite neurological signs of upper motor neuron 
and spinal lower motor neuron disease and question- 
able bulbar lower motor neuron involvement. He was 
admitted on 12-4-52, had an EEG 4 days later, and 
died 3 days after that. On admission he suffered 
from sufficient respiratory difficulty to warrant his 
being placed on the seriously ill list. His EEG 
showed some scattered theta activity and the record 
was classified as mildly and diffusely abnormal. He 
died of respiratory failure. 

(3) M. E. D. — A 57 year old male with signs 
of spinal lower motor neuron disease only. In July 
1954, he suffered from severe enough respiratory 
distress to necessitate his being placed in a respir- 
ator; he was confused and hallucinating on 8-12-54 
and it was felt that this mental state was due to 
cerebral anoxia. His first EEG was obtained on 
6-15-54 and was normal; the second record was ob- 
tained on 9-3-54 at which time a 6 per sec. rhythm 
with seattered 4-5/sec. activity was seen. 

In addition to these three patients with frankly, 
though mildly abnormal EEGs, three other patients 
had minor changes in their EEGs sufficient to clas- 
sify them as borderline, e.g. very poorly defined 
paroxysmal activity and/or minimal increase in theta 
activity. These changes might have been considered 
insignificant by some electroencephalographers. As 
for the clinical correlations of these borderline EEGs, 
one patient had not very far advanced spinal lower 
motor disease and the other two had evidence af both 
upper motor neuron and spinal lower motor disease; 
in no case was there evidence of significant respir- 
atory difficulty. 


DISCUSSION 


Because of the nature of EEGs, the definition 
of what is abnormal is in no way settled. A review 
of all the EEGs of these 18 patients by another elec- 
troencephalographer may have yielded a different set 
of impressions. Therefore, it would be unwise to 
interpret the results of this survey in any statistical 
terms. However, it is evident that definite electro- 
encephalographie changes are at least unusual in 
amyotrophic lateral sclerosis except when there is 
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Fig. 1 
Sample EEG tracing from the 3 patients who had abnormal records. 
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probable cerebral anoxia due to respiratory difficulty 
secondary to the basic pathological process. This was 
illustrated by two of the cases that were discussed 
in detail. In the other case, the slowing was apparent- 
ly unassociated with significant respiratory difficulty ; 
there was, however, clinical evidenee of brain path- 
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ology other than motor neuron disease which was 
manifest by an alteration of personality so that it 
was not unlike that seen in cases of pseudo-bulbar 
palsy. Also, in this case, there was evidence of cardio- 
vascular disease which may have played some role in 
the production of the EEG changes. 


TABLE I 
SUMMARY OF HISTORY, CLINICAL FINDINGS, AND EEGs 


Length Area of pathology 
of 
illness Upper Lower 
Patient Admitt’d Age before motor Bulb motor EEG 
admis’n neuron neuron 
E.C.A. 7/25/55 58 1 yr. + + +4 7/28/50-Normal; 9/21/50-Normal 
A.M.B. 8/9/49 57 1 yr. + 8/12 /49-Normal 
O.L.B. 4/4/49 37 6 yrs. q 4 4/11/49-Normal 
MED. 6/11/54 a7 3 yr 4 6/15/54-Normal; 9/3/54-6/sec. with 
scattered 4-5/sec. waves 
AHG. 6/26/51 59 5 yrs. 4 4 6/27/51-Minimal random 5-6/sece. 
waves 
M.G. 8/5/47 57 5 yrs. 4+ +4. 8/4/47-Normal; 8/20/47-Normal 
R.E.H. 12/4/52 46 7mos. 9 + ! 4 12/8/52-Diffuse theta 
K.H.K. 10/31/52 56 1.5 yrs. + + -}- 11/5/52-Normal 
JEMCA. 8/19/53 26 8 yrs. 4 8/ 21 /53-Borderline because of poorly 
defined paroxysmal bursts 
4/28/55-Normal; 6/13/55-Question- 
M.T.M. 4/20/55 22 8 mos. + g + ably slight increase in theta; 6/20/55- 
Normal 
11/8/48-Normal; 11/2/49-Abnorm. 
J.AM. 3/4/49 55 wes + x 4 because of theta; 2/6/50-As before; 
5/18/50-Ine. theta over 11/49; 
8/7/50-As before 
R.M. 9/27/49 58 1 yr. + q 9/22 /49-Normal 
J.M.M. 10/14/54 38 2 wks. + + ae 11/3/54-Normal 
T.ELN. 7/30/49 27 5 yrs. ? > 8/8/49-Normal 
5/18/53-Borderline because of poorly 
P.L.T. 10/24/55 34 2 yrs. +- + defined paroxysmal activity ; 
11/10/55-As before 
C.P. 6/1/56 55 6 mos. + + + 6/27/56-Normal; 7/6/56-Normal 
F.H.S. 4/12/56 54 4 yrs. ¢ 0 + 4/18/56-Normal 
J.B.T. 5/1/56 50 7 mos. 0 + +  5/5/56-Normal; 6/1/56-Normal 


+ - Area definitely involved, 


? - Area questionably involved. 


EEG CHANGES IN AMYOTROPHIC LATERAL SCLEROSIS 


SUMMARY 


1. The EEGs in 15 eases of amyotrophic lateral 
sclerosis or progressive spinal muscular atrophy have 
been reviewed. 

2. EEG changes are unusual and when they do 
occur, they are not very great. 

3. The most common cause of the alteration of 
the EEG is probably cerebral anoxia secondary to 
respiratory difficulty. 
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LOSS OF RIGHT HEMISPHERE DUE TO NATURAL CAUSES 


Absence of Functioning Right Thalamus with Related Thalamic Syndrome 
and Continued Recognition of Painful Stimuli on the Hemiplegic Side 


Stuart Weiss, M.D., Irwin Levy, M.D., Davin Smitu, M.D.1 
and James L. O’ Leary, M.D. 
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This report concerns the loss of a right hemisphere 
as the result of a cerebral hemorrhage. It is believed 
to have significant neurophysiological implications 
because with only a small portion of the right poste- 
rior midline thalamus remaining (the relay and asso- 
ciation nuclei being missing in their entirety), the 
subject could still experience pain upon her hem- 
iplegie side, and had a thalamic syndrome of un- 
remitting burning pain throughout her 1l-year sur- 
vival period. The midline remainder of the right thal- 
amus was so sparsely populated by cells and fibers 
that it seems unlikely to have participated in funce- 
tioning. Thus the recognition of pain upon the af- 
fected side was likely mediated either through the ho- 
molateral thalamus, or, if contralaterally, by the brain 
stem mechanism. Anatomically the case approximates 
one reported by Piorry in La Lancette Frangaise for 
1829. In the words of that narrator: ‘‘It was not a 
brain that I found but only the half of one.’’ There, 
too, the loss was a right-sided one. The intellect of 
the subject is said to have been unimpaired. 


Case Report. 


A female patient had a questionably relevant hos- 
pital admission in 1937 (age 40). At that time she 
complained of life-long severe, intermittent left 
temporal headaches of migranoid character. A usual 
headache lasted 1 - 4 days and was accompanied by 
nausea and vomiting. Her husband describes her as 
ordinarily having a sociable out-going personality, 
and she was a superior bridge player. In 1940 she 
was admitted to St. Luke’s Hospital, St. Louis (ser- 
vice of Dr. Ronald Klemme) in a semi-comatose state, 
suspected of having a right parietal lobe tumor. Cra- 
niotomy following ventriculography revealed a mas- 
sive right subdural hematoma extending from the 
mid-parietal region to the frontal tip. The right 
frontal lobe was pulpy and a gush of blood appeared 
from its interior. To obtain hemostasis a frontal 
lobectomy was done, excluding the motor cortex but 
removing all of the lobe anterior to it. The vascular 
sourees of the hemorrhage were impossible to identify 
at the time. Systemically, post-operative recovery 


1 Now of the University of Virginia School of Medicine, 
Charlottesville, Va. 
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was uneventful; but from the beginning both her 
cerebration and her speech were markedly slow. She 
is also described as having had a childish personality 
post-operatively, with flight of ideas and inability 
to concentrate upon one subject for any length of 
time. She was also said to be totally unable to grasp 
abstract ideas or to do conceptual thinking. She be- 
came enraged on minor frustration, and wept fre- 
quently. These personality alterations remained es- 
sentially unchanged throughout the survival period. 
She continued to play bridge with some coaching, 
but there was marked reduction in her ability and in 
her bidding judgement. 


One month post-operatively the subject com- 
menced to experience intermittent burning pain in 
her left arm and leg. By then her left arm was 
becoming rigidly fixed in a hemiplegic posture. As 
time progressed the burning pain came to affect her 
whole left side, and changed from paroxysmal to 
constant character. It was relieved only by opiates. 
In 1944 she was readmitted to Dr. Klemme’s service 
for a right parietal cortex ablation (Gutiérrez-Maho- 
ney 1944) with the hope that the procedure would 
relieve the unremitting left-sided pain. To the sur- 
geon’s surprise the right hemisphere was absent with 
the exception of a small piece of temporal lobe and 
a golf-ball sized piece of occipital lobe. The circle of 
Willis was readily exposed to view and the middle 
cerebral artery was identified as the likely source of 
the hemorrhage that had occurred four years pre- 
viously. It was ligated close to its source. Post- 
operatively, the pain was unrelieved. 


The last complete neurological examination was 
accomplished in 1952, the year of her death from a 
coronary thrombosis, and is reported here principally 
in its sensory detail. There was anosmia on the 
right, and almost complete loss of vision in the right 
eye, and of the temporal field of the left eye. Sen- 
sory loss on the left side of the face was definite 
but less marked than over the left side of the body. 
Upon the body there was a loss of pin prick, tem- 
perature and light touch. Nevertheless she complained 
of a constant burning pain sensation there which was 
increased each time she was stimulated with a pin. 
This recognition that she was being stimulated was 


RIGHT HEMISPHERE LOSS 


well-emareated at the midline, and on the upper 
extremity was invariably referred to the nearest joint. 
Thus, within limits, she could localize the area of 
stimulation, and the nearer the point stimulated was 
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Anatomical Findings. 

At post-mortem the right hemisphere was entirely 
missing with the exception of small detached frag- 
ments (0.5 to 1.5 em.) of cortex tentatively identified 


Fig. 1 
Figure 1 and C are Weigert transverse sections through the intact left strio-pallidum showing attached 


remnants of the right basal midline structures. 


olfactoria; O is the degenerated remnant of the right optic tract. 
The attached fragment in D, which lies in the position of the 


remnants of the right midline thalamus. 
left medial pulvinar, is largely necrotic tissue. 


to the locale of a joint the more accurate her localiz- 
ing ability appeared. Deep muscle pressure and joint 
movement were also described as very painful upon 
the left side, and poorly localized. “Speech was 
dysarthrie but intelligible. 


In C, A is nucleus accumbens septi and remnants of area 


B and D, through the thalamus, show 


as lingual gyrus and gyrus rectus. The right ol- 
factory nerve was missing and the right optic nerve 
was reduced to thread-like dimension. The only re- 
mainder of the right thalamus was a small nubbin 
attached to the mesial wall of the left one, and this 
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was covered by a _ necrotic-appearing membrane. 
Neither amygdala, hippocampus, nor strio-pallidum 
could be identified. 

After photography the gross specimen was reduced 
to the size of the basal ganglia and brain stem and 
cut into 3 frontal slices. These included the entire 
left strio-pallidum and thalamus with the attached 
remainders of the right diencephalon and subcallosal 
cortex. The blocks were cut serially in celloidin at 
40 uw, pairs of sections approximately 0.5 mm. apart 
being stained by Weil’s method and by ‘thionin re- 
spectively. The complete series extended from the 
anterior horn of the left lateral ventricle to the caudal 
end of the nucleus ruber. The detached cortical frag- 
ments mentioned above were cut separately and iden- 
tified as gliosed cortex. The brain stem was also 
divided into transverse blocks and sectioned with the 
cerebellum. Blocks through the caudal level of the 
inferior olive and the decussation of the pyramids 
were stained by Bodian’s method to estimate the 
remaining fiber content of the right pyramid. 


Unless otherwise specified the components of the 
left basal ganglia appeared normal in sections. The 
septum pellucidum was grossly intact on the right, as 
was the mesial subcallosal cortex and a part of the 
gyrus rectus. The related radiatio corporis callosi 
(Riley 1943) was pale-stained in Weigert preparations 
but contained some remaining intact fibers. Corres- 
ponding to the normal appearing left fornix in 
Weigert sections there was a sparse distribution of 
myelinated fibers remaining upon the right side of the 
septum. A small tissue mass, including parts of the 
nucleus accumbens septi and of the area olfactoria, 
remained upon the right side (fig. 1A) and a few 
fibers of the anterior commissure penetrated it. The 
right side of the hypothalamus, forming the wall of 
the anterior part of the IIIrd ventricle, was intact but 
quite thin, and attached to it was the completely 
degenerated right optic tract (fig. 1B). An area of 
old secondary degeneration joined the normal ap- 
pearing left uncrossed portion of the optic path, 
forming the chiasm. Scattered cells were evident in 
the right hypothalamus, and in Weigert sections pale 
blue fine striations indicated some remainder of mye- 
linated axons. 

The right thalamus was entirely absent except 
for the midline part just rostral to the mesencephalic 
junction (fig. 1C and D). Here scattered cells lay 
medial to the right habenulo-peduncular tract; none 
were discerned lateral to it. The rostral end of the 
right lemniscus systems formed the remainder of the 
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nubbin of ‘‘thalamic’’ tissue mentioned above. The 
right habenula was evident. 

The cell laminae of the left lateral geniculate 
nucleus showed transneuronal degeneration of laminae 
la, 2b, and 3b. This confirms Minkowski (1919) 
and LeGros Clark (1932) who stated that these la- 
minae receive the crossed component of the optic 
tract. 

In Weigert preparations the right pyramid of the 
medulla was much shrunken and appeared to con- 
tain no intact fibers. However, Bodian preparations 
did reveal a few clusters of normal appearing axons 
of medium to small size. These were indeed a small 
component of the much shrunken pyramid, but are 
mentioned because Brodal has stated that there are 
ascending fibers in the pyramidal tract of the cat 
(1952). 

SUMMARY 


A brief survey is given of the clinical history 
and of the principal anatomical findings in a woman 
who had survived 11 years following the loss of a 
right hemisphere from natural causes. The case has 
particular neurophysiological interest because of a 
thalamie syndrome of unremitting pain upon her 
hemiplegic left side, and other evidence that she 
could recognize painful stimuli there. In the ab- 
sence of thalamic relay and association nuclei, and 
with no appreciable- remainder of the midline thala- 
mus, it is hypothecated that the recognition of pain 
could only have occurred by paths leading to the 
homolateral thalamus, or alternatively in the brain 
stem reticular substance. 
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Due to amplifier blocking and excessive pen swing 
the electrical activity of the brain immediately after 
electrical stimulation is very difficult to record. This 
is particularly the case when a strong stimulus has 
to be applied to a cortical point close to the recording 
electrodes, for example to produce electrical after- 
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discharges. A device has been suggested to eliminate 
these disturbances to enable immediate and uninter- 
rupted electroencephalographic recording. The method 
has proved of particular value in electrocorticography 
combined with cortical stimulation in_ epileptic 
patients. 
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Fig. 1 
Diagram of the anti-blocking device (showing two channels only). 
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The device was originally installed in an Ediswan 
eight-channel electroencephalograph Mk. II, but can 
probably be adapted to any other type of EEG- 
apparatus with slight modifications only. The prin- 
ciple of the device is as follows: 


Stimulater 


Preliminary tests proved that no interference 
should be made with the input unit and the pre- 
amplifiers. Short-circuiting the amplifier inputs dur- 
ing st-mulation introduced additional blocking, prob- 
ably due to slight grid current in the input valves as 


To EEG apparatus : 
Housing for relay No.5 _ 
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Fig. 2 
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Fig. 3 
Electrocorticogram obtained by bipolar recording from points 1-9 as indicated on inset at lower right. 
Electrical stimulation of a cortical point close to point 4 induces an electrical afterdischarge at the 


adjacent electrodes. No blocking of the amplifiers. 
saw-tooth waves. 


Stimulus parameters: 4 V., 3 msec., 30 c/sec., 


ANTI-BLOCKING DEVICE 


well as polarisation (despite the use of silver-chlor- 
ided electrodes). 

In view of the excellent discrimination against 
inphase signals it was then assumed that blocking 
might be prevented if the input balance was carefully 
adjusted. It would then be necessary, however, to 
modify the output circuit in order to prevent exces- 
sive pen swing during stimulation. Five relays were 
installed, 4 switching the anodes of the power am- 
plifiers to resistive loads (R,-R,) during stimulation, 
the fifth one disconnecting the stimulator during the 
same period (fig. 1). The 4 relays, wired in series, 
were connected to the 90 volts DC available from the 
power pack of the EEG-apparatus. They were con- 
trolled by a small microswitch fitted into a specially 
made stimulator electrode handle as shown in the 
diagram (fig. 1) and in the photograph (fig. 2). 
The stimulator relay (No. 5) as well as a small 
condenser and resistor for spark suppression were 
mounted in a small box, and the various units inter- 
connected by multiplugs (fig. 2). 

As ean be seen from figure 3 the pen recorders 
are inoperative during stimulation. Blocking is almost 
completely absent, even when stimulating a cortical 
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point close to the recording electrodes and irrespective 
of whether the bipolar or the monopolar average re- 
cording technique of Goldman (1950) is employed. 

It should be noted that the single pen swing at 
the end of stimulation is caused by the particular 
type of relay which was available. One pair of 
contacts was operated by the closing of the other 
pair, thus introducing a short time delay between 
the closing of the two pairs. A perfect record may be 
obtained by using standard fast-action type telephone 
relays. 


SUMMARY 


A simple device has been suggested to eliminate 
the blocking of the amplifiers and the excessive pen 
swing immediately after an electrical stimulus is ap- 
plied close to the recording electrodes. The method 
has proved of particular value in electrocorticography 
associated with cortical stimulation in epileptics. 
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ANOTHER SIMPLE METHOD FOR THE SIMULTANEOUS CINEMATOGRAPHIC 


RECORDING OF THE PATIENT AND HIS ELECTROENCEPHALOGRAM 
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Only brief mention of other possible methods 
for accomplishing the purpose set forth in the title 
will be made, as a thorough review of these is to be 
had in the communication to the Third International 
Congress of Electroencephalography made by Schwab, 
et al. 


Split Framing. 

(1) This involves the photographing of the pa- 
tient on one half of the film with the other half 
masked out. The film is then wound back to the 
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2x3* Surface 
Silvered Mirror 
7.5 Feet 


films being lined up and then rephotographed on a 
third film for presentation. 


Epidiascope Method. 


(3) One may project the EEG as it is being run, 
with an epidiascope onto a screen placed in the ea- 
mera’s field beside the patient. 


Television Method. 


(4) Television equipment (two cameras) may be 
employed by means of which the images of the pa- 
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Fig. 1 
M.N.I. EEG photographic set-up. 


beginning (a camera with a frame-counting device 
must be employed) and the EEG run through the 
machine a second time from beginning (which must 
be accurately marked) to end, out of contact with the 
pens, while it is photographed on the unexposed side 
of the film, the exposed side now being masked. 


Dual Camera Method. 


(2) The two events may be photographed sim- 
ultaneously by two separate cameras, the resulting 
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tient and his EEG may appear side by side on one 
receiver, from the screen of which they may be 
photographed. 


Mirror Splitting Method. 


(5) The method of Hunter and Jasper by means 
of which the image of the EEG trace is projected 
through a system of lenses and mirrors on to a 
mirror placed beside the patient in the camera’s 


field is a technique of which the present method is a 
modification. 


Prism Splitting Method. 

(6) The method of Schwab, in which a stereo- 
attachment is placed over the lens of the camera, 
one half of this containing a portrait lens while the 
aperture of this half is over-hung by a mirror which 
looks down on the EEG record, is the most convenient 
of those mentioned. The second half of the attach- 
ment is focused directly on the patient. 

In the present method, the camera is positioned 
vertically over the EEG table and the record photo- 


Fig. 2 
The photographic recording apparatus viewed from the side. 


graphed normally through a portrait lens placed some 
6” in front of the camera lens. A small, surface- 
silvered mirror is interposed between the camera lens 
and the portrait lens, with its lower edge just above 
the latter and protruding about half-way into the 
eamera’s field. The surface-silvered mirror faces a 
second, full length, plain glass mirror positioned over 
the patient, with its long axis parallel to that of the 
patient, the two mirrors being at the same height 


CINEMATOGRAPHIC RECORDING OF PATIENT AND EEG 
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above the floor. The large mirror is inclined toward 
the small at an angle of 45°, and the small mirror is 
inclined away from the large at the same angle. 

In this fashion, light entering the left half of the 
camera lens through the portrait attachment records 
the image of the EEG on one half of the film. 

Light entering the right half of the lens from 
the patient, via the two mirrors, records the image 
of the patient on the other half of the film. 

The camera is focused for that distance which 
light has to travel in reaching it from the patient 
after it has been placed at the requisite height above 
the EEG table to take in the number of channels 
desired. A portrait attachment of sufficient power to 
bring the record into focus for the camera at this 
distance when the latter is focused on the patient 
is then selected. This lens must be of sufficient dia- 
meter to include all light rays passing from the 
record to the lens of the camera when the portrait 
lens is at a point about 6” in front of the camera 
lens. 

By this method, optical confusion is avoided at 
the junction on the film between the EEG and pa- 
tient images, because that part of the bottom edge 
of the mirror which splits the field is seen by the 
camera as a line of extreme thinness (the surface 
of the mirror being square with its edge), and 
though this line is ‘‘blurred’’ out of focus by being 
so near the camera lens, since it has little dimension 
of width the ‘‘blurr’’ itself remains narrow. 

When the film is projected, the patient, viewed 
from above, appears in normal relationship on the 
right half of the screen and the EEG, also in 
normal relationship and moving in the accustomed 
direction, appears on the left half of the screen. 

Light for the patient is supplied by three 150W 
Mazda projection spots and the record is illuminated 
by an ordinary 200W bulb in a reflector covered by a 
spun glass diffusion screen. 


All lights and the camera motor are plugged into 
a modified colortran converter unit.1 When the lights 
are plugged into the unit they burn at their ordinary 
rating, but when the relay is closed which throws the 
unit into action, the light filaments are over-loaded 
to burn at a color temperature of 3400°K. and the 
camera motor is started. 


As our apparatus is set up, only the center 6 of 
the 8 channels on the EEG are photographed. The 
set-up could easily be altered to take in all 8 channels 
by elevating the camera higher above the table and 
using a weaker portrait lens. Of course the individual 
lines of the trace would then be smaller.2 


1 Made by Colortran Converter Co., 7045 Romaine St., 


Los Angeles 38, Cal. 
2 Surface silvered mirrors, 2 


x 3”, are obtainable from 


the Bosch and Lomb Optical Co., Rochester, N.Y. 
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Fig. 3 
The position of the patient at the time of photographing. 


CINEMATOGRAPHIC RECORDING OF PATIENT AND EEG 


The portrait attachment can be made at a cost of 
a few dollars by any optician. It can be on a plain 
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make or model of camera without the purchase of 
additional accessories from the manufacturer. 


Appearance of the resulting film as it is projected on the screen. 


or double convex base and need not be ecolor-corrected 
because of its low power. It should be 214” in diam. 
to duplicate that used by us. 


We employ the Kodak Ciné Special Camera driven 
by a variable speed, synchronous electric motor.1 

The distance from the end of the camera lens 
mount to the bottom edge of the mirror is 544”. To 
the portrait lens, it is 6”. The distance from the 
camera to the patient, through mirrors, is about 11. 
The height of the camera above the EEG table is 30”. 

This method combines economy and _ simplicity 
with good technical results. It is adaptable to any 


1 Made by the Camera Equip. Co., 1600 Broadway, N.Y. 
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STORAGE OF SILVER CHLORIDE ELECTRODES 
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Recent developments in D.C. amplifiers for EEG 
recordings have shown some shortcomings of silver 
chloride electrodes (‘‘Monopods’’). 

In use these electrodes showed residual potential 
differences which varied for a period of time several 


standard salines. This short circuiting of all terminals 
maintains the electrodes at the same potential. 
Additional to this the stainless steel plate is sup- 
ported by a central carbon rod the base of which is 
fixed to the bottom of the dish and immersed in the 


minutes after recording commenced, 


necessitating 


continual re-balancing of the amplifiers. 
In order to avoid this, electrodes at this Institute 

when not in use are kept in a separate dish. 
Whilst in this dish electrodes rest with 


terminals in contact with the periphery of a circular 


their 


stainless steel plate, their pads being immersed in 


saline. Since carbon is electro-negative with respect 
to silver in saline, a cell is formed which continually 
chlorides the electrodes. The current passing through 
the electrodes is very small (order of micro-amperes) 
and is always of correct polarity. 

It has been found that the regular use of this 
device contributes to the achievement of stable and 
consistent recordings. 


Reference: 
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A COUPLING CIRCUIT FOR THE BICKFORD INTEGRATOR 


JoHN DEGELMAN 


National Veterans Epilepsy Center, Boston V. A. Hospital, and 
Department of Biology, Boston University, Boston, Mass. 


(Received for publication: February 21, 1956) 


In the investigation by Forbes et al. (1956), 
reliance was placed on the integrating feedback sys- 
tem devised by Bickford (1950) for automatic con- 
trol of anesthesia. The system worked admirably for 
its intended purpose but, due to low-impedance shunt- 
ing in the preamplifier output, the EEG record was 
distorted. To correct this limitation, a coupling circuit 
was introduced, as described in the following note. 


TERMINAL 


PREAMP OUTPUT STAGE 


~ UNUSED 


(1) the EEG output was led off from the preamp- 
lifier without distorting the signal, of particular im- 
portance when there was need for an undistorted 
record of the brain potentials from the channel used 
to control anesthesia; (2) the output terminations 
of the cathode followers were low-impedance sources 
well suited to the operation of diode rectifiers. The 
purpose of full-wave rectification was to give equal 


I 
rou 


INTEGRATOR 


Fig. 1 


Connection of preamplifier output to Bickford integrator. 


amplifier output are used. 


The connections between the preamplifier and the 
integrator made according to Bickford’s specifica- 
tions are shown in figure 1. The coupling circuit in- 
troduced is shown in figure 2. The connections were 
made from the final plates of the preamplifier of a 
Grass clinical EEG recorder. These plate potentials 
were approximately 45 V., making possible direct 
coupling from the plates to the grids of a pair of 
cathode followers using a single 6SN7 twin triode. 
This arrangement was advantageous for two reasons: 


Only two terminals of 


emphasis to both the positive and negative portions 
of the wave, thus to make use of both halves of the 
preamplifier output. Using the three-terminal output 
also gave noise cancellation, particularly of rectified 
A.C. ripple due to the plate power supply. 

To test the integration of the apparatus, 50 ,V. 
square pulses were applied to the input of the EEG 
preamplifier. Since this is nonconductively coupled 
between stages, the square waves are approximately 
differentiated and appear to both the integrator and 
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Fig. 2 
Coupling circuit used to transform 3-terminal output of EEG preamplifier to 2-terminal 


input of integrator. 


y nt 


40 50 60 
Fig. 3 
Abscissae, cathode bias resistor settings; each unit on dial 
equals 100 ohms. Ordinates, ratio of integrator responses to 
50 pV. calibration pulse. In upper curve, integrator input 


(sensitivity control) set at 80 per cent, in lower curve at 75 
per cent. 


the inkwriter as steep-fronted pulses that trail off 
exponentially at a rate corresponding to the time 
constants of the applified stages. Two pulses, of 
opposed phase, are obtained — one when the calibrat- 
ing voltage is applied to the input and the second 
upon interruption. With all other controls held con- 
stant (amplifier gain controls, band pass adjustments, 
ete.), a series of 50 ywV. pulses was applied to the 
input of the preamplifier for various settings of the 
integrator bias resistor. The ratios of resulting in- 
tegrator responses (‘‘clicks’’) to calibration impulses 
(input) were plotted as a function of the integrator 
bias resistor settings (fig. 3). 

The calibration of the apparatus was made by 
pr. Alexander Forbes. 
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DEUX PROCEDES DE MODULATION DE LUMINOSITE DU SPOT POUR 
L’OSCILLOGRAPHIE CATHODIQUE DE POTENTIELS BIOELECTRIQUES 1 


JEAN CeERF,2 M.D. et CHARLES LIBERT 
Laboratoire de Pathologie Générale, Faculté de Médecine, 
Université de Bruxelles, Belgique 


(Received for publication: April 15, 1955) 


La photographie de la trace représentative de 
phénoménes transitoires rapides sur 1’écran fluorescent 
de l’oscillographe cathodique est parfois difficile. 
L’enregistrement de potentiels bioélectriques brefs, 
surtout lorsqu’il sont observés 4 balayage relativement 
lent de 1l’oscillographe, pose un réel probléme pour 
l’électrophysiologiste. Les déflexions rapides accélé- 
rent fortement la vitesse d’inseription du spot et 
déterminent une exposition trés inégale du matériel 
sensible; il en résulte une image faible ou amputée 
du phénoméne étudié. Divers artifices photographiques, 
a l’enregistrement et au développement des oscillo- 
grammes, contribuent parfois 4 1’obtention de tracés 
de densité plus uniforme (voir Mansberg 1950). 


Dans le but d’éviter ces difficultés techniques, 
nous avons réalisé un appareil électronique qui aug- 
mente 1’intensité lumineuse du spot pendant les phéno- 


Fig. 1 


Renforcement d’intensité du spot, facilitant la photographie 
de phénoménes bioélectriques rapides sur l’écran d’un oscillo- 
graphe cathodique. 


Oscillogrammes montrant différentes réponses électriques d’un 
sciatique isolé de Rana temporaria. Stimulation supramaxi- 
male pour les fibres du groupe A, par chocs électriques rec- 
tangulaires (0,1 msec.), délivrés par étage de sortie HF. Tube 
cathodique Du Mont 5SP11, filtre bleu. Lumiinosité du spot 
ajustée pour l’impression correcte de la trace du_balayage, 
avec ouverture photographique de f: 2,8. Dimension des 


os 


1Ce travail a bénéficié de Vaide du Fonds National 
Belge de la Recherche Scientifique. 
2 Chargé de Recherches du F.N.R.S. 


ménes rapides observés. L’appareil comporte deux 
sections indépendantes (A et B), 4 indications d’em- 
ploi particuliéres, permettant de moduler la luminosité 
du tube ecathodique selon des procédés différents. La 
figure 1 en illustre 1’utilisation pour la photographie 
d’oscillogrammes de potentiels d’action d’un nerf 
isolé. 


DESCRIPTION TECHNIQUE 


a) Intensificateur « proportionnel ». 

Ce dispositif (fig. 2) applique a la grille du 
tube cathodique (borne « Z» des oscillographes com- 
merciaux ) positive proportionnelle a 
l’aeeélération du spot. Etant donné la composante 
horizontale uniforme du déplacement du spot (ba- 
layage selon ]’axe des X), on peut démontrer qu’une 
tension fonction de la vitesse vy de deflexion verti- 
cale (selon l’axe des Y) répond & la proportionnalité 
demandée. Une telle tension T = f (v,) s’obtient 

de 


une tension 


Y 7 ’ 
, ey étant l’espace parcouru 
dt 
sur ]’écran par le spot (selon l’axe des Y), et t le 
I ] )s 
est déterminé par la différence 


en appliquant vy = 


temps. L’espace ey 
de potentiel entre plaques horizontaics de déflexion 


images sur écran: environ 80 mm. Technique photographique 
& contraste extréme pour tous les tracés: film Scopix B 35 mm. 
(blue sensitive), révélateur G 135, papier Document Rapid 
(Gevaert). Dans ces conditions, les composantes rapides des 
phénoménes ne s’inscrivent pas sans intensification du _ spot 
(voir A, D, G et J). 

A et G: potentiels d’action respectivement mono- et biphasique, 
photographiés sans intensification de la trace. B_ et : 
tracés correspondants 4 A et G, avec modulation de luminosité 
par le dispositif différentiateur; noter Vintensification pro- 
portionnelle. ( et I: tracés correspondants 4 A et G, avec mo- 
dulation par le dispositif 4 impulsion rectangulaire, déclen- 
chée par lartefact de stimulation et arrétée a la fin du 
phénoméne ; l’intensification sans gradation, par tout ou rien, 
peut convenir A l’enregistrement de réponses de ce type. 


D: courte tétanisation du nerf, sans intensification de la 
trace. E: idem, avec modulation de luminosité proportionnelle. 
F: idem, avec modulation par tout ou rien de la luminosité; 
noter la surexposition relative des pieds et des sommets des 
potentiels. 

J: réponses du nerf a une paire de stimuli, mettant en évi- 
dence l’état réfractaire post-réactionnel. K: idem, avec mo- 
dulation de luminosité proportionnelle. L: idem, avec modula- 
tion par tout ou rien de la luminosité. L’intensificateur est 
déclenché par un voltaze supérieur 4 celui de V’artefact, par 
réduction dé sensibilité; le retard de l’accentuation de la 
trace est manifeste. La durée de Vimpulsion intensificatrice, 
aiustée sur la réponse conditionnante, s’avére insuffisante 
pour la réponse réfractaire plus étalée. 
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de l’oscillographe, proportionnelle au voltage de la 
transitoire, tandis que la variation de celui-ci au cours 
du temps fournit le paramétre t. 

La tension d’une des plaques de déflexion du 
tube cathodique n’est pas utilisée pour commander 
le dispositif, malgré certains avantages que présente- 
rait ce procédé (tension élevée ne nécessitant pas 


Fig. 2 
Section (A): dispositif différentiateur. 
R, 1M pot, R, R, R, R,, 50K, R, R, R, 1K, R, 10K, R, R,, 


1M, R,, 250K pot; C, C, 40 yF 50V, C, 490cm mica var, 
C, 0,1 uF, C; Cy 0,5 yF; T, T, 6SL7; D, D, D, D, 1N34. 


d’amplification, ajustement automatique de lumino- 
sité selon la grandeur d’image) ; en effet, l1’étage de 
sortie de 1’amplificateur vertical (Y) des oscillogra- 
phes commerciaux fonctionnant souvent en classe AB 
ou B, le décentrage du spot crée une asymétrie entre 
tensions plaques du push-pull. Celles-ci, isolément non 
proportionnelles au phénoméne étudié, devraient étre 
recomposées pour représenter correctement le signal 
d’entrée et étre utilisables. La tension de commande 
est prélevée 4 1’entrée de 1’amplificateur Y de 1’oscil- 
lographe, ou entre une des deux bornes d’entrée et la 
masse si l’ampli est symétrique. A ce niveau, le 
voltage du potentiel bioélectrique étudié est déja élevé 
par le préamplificateur qui compléte habituellement 
l’installation. Le signal subit une nouvelle amplifi- 
cation dans le premier étage de 1’intensificateur, 
l’ajustement de R, évitant de surmoduler la triode 
(% tube 1). La tension obtenue est appliquée 4 un 
circuit différentiateur formé par C, et Ry On peut 
démontrer que la différentiation est d’autant meil- 
leure que RC est choisi petit par rapport 4 la période 
de 1’harmonique la plus élevée de la tension 4 dériver 
(voir Oehmichen 1954). En pratique, la nécessité 
d’obtenir une tension de sortie suffisante, ainsi que 
le risque de perturber 1’étage précédent par un débit 
exagéré, limitent la diminution de la valeur de R, 
et indiquent le choix d’une petite valeur pour C,. La 
capacité variable C, permet d’ajuster le circuit diffé- 
rentiateur 4 la période du phénoméne observé. La 
perte en tension dans ce circuit est compensée par un 
second étage 4 gain élevé (1% tube 1), 4 la sortie 
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duquel nous disposons d’une tension proportionnelle 
dey 


—_—— 


& la vitesse instantanée du déplacement du 


spot selon l’axe des Y. Le signe de la dérivée dé- 
pendant du sens du mouvement sur 1l’écran, cette 
tension ne peut étre utilisée telle quelle pour 1’inten- 
sification: l’aecentuation de luminosité pendant les 
phases ascendantes des transitoires serait suivie 
d’un affaiblissement pendant les phases descendantes, 
ou vice versa. Il est nécessaire de produire une 
image inversée de la tension dérivée dans un étage 
déphaseur a4 180°, lequel amplifie une derniére 
fois les signaux (tube 2). Les tensions en miroir 
obtenues sont recomposées, aprés élimination des al- 
ternances négatives par double redressement dans des 
diodes au germanium (D, 4 D,). La tension de sortie, 
proportionnelle 4 la vitesse de déplacement du spot 
selon 1’axe des Y et positive quel que soit le sens de 
ceux-ci, peut atteindre 50 V. et moduler au maximum 
l’intensité lumineuse du tube cathodique. Le poten- 
tiométre R,, permet de prélever le voltage nécessaire 
a l’intensification parfaite de la trace des transi- 
toires sur 1’écran. La luminosité convenant 4 1’ins- 
eription photographique correcte de la trace de ba- 
layage est établie par réglage préalable du controle 
d’intensité incorporé a 1’oscillographe. 

Le cablage est réalisé par connections courtes 
réduisant les capacités parasites, et le matériel est 
choisi de qualité haute fréquence. Ces précautions 
améliorent la réponse du dispositif aux fréquences 
élevées, et évitent le déphasage, par rapport au phéno- 
méne observé, de la tension d’intensification produite. 
La valeur des condensateurs de liaison C,, C; et C, 
assure une transmission fidéle des signaux. 


Ce procédé de modulation intensifie correctement 
sur ]’écran la trace des transitoires (voir fig. 1), et 
permet 1’inscription photographique uniforme de phé- 
noménes bioélectriques les plus divers; il s’impose 
lorsqu’on désire appliquer 1’intensification 4 1’étude 
de potentiels complexes ou variables. 


b) Modulateur tout ou rien de luminosité. 


Malgré ses limitations d’emploi, nous avons re- 
tenu pour sa simplicité un autre montage connu en 
technique oscillographique (Richter 1944), et dont 
une application a 1’électrophysiologie a récemment été 
décrite par Bonferroni et Mollica (1954). Ce disposi- 
tif intensifie par tout ou rien le tracé des phénoménes 
observés, grace 4 1l’application momentanée sur la 
grille du cathodique d’une tension rectangulaire posi- 
tive de durée ajustable, déclenchée par le potentiel 
étudié. 

Dans une version simplifiée du montage (fig. 
3), les impulsions rectangulaires sont produites dans 


INTENSIFICATEUR POUR SPOT CATHODIQUE 


un étage univibrateur monostable a temps de bascule 
réglable (double triode T;). Au repos, la grille de 
commande est polarisée, par ajustement de Ry, et 
R,;, 4 un potentiel légérement inférieur a celui de la 
cathode. La triode correspondante se trouve bloquée, 
et son potentiel anodique est élevé; la seconde triode 
est conductrice. Un top positif appliqué 4 la grille 


Fig. 3 


Section (B): générateur d’impulsions rectangulaires. R,, R,; 
R,, R,, 1M pot, R,, R,, R,, 25K, R,, 500K, R, 1M, R,, 
R,. 50K; C, 500cm, C, 720cm, C, Cy, 0,5 yF; T, 6N7, T, 
6SN7, D,; 1N34. 


de commande fait basculer instantanément le systéme, 
qui revient 4 sa position d’équilibre initiale aprés une 
durée dépendant de la constante de temps du circuit, 
réglablé par Ry. La durée maximum atteint 5 msec. 
avec les valeurs de RC choisies. La tension anodique 
de la premiére triode subit une variation négative 
rectangulaire durant le temps de bascule de |’univibra- 
teur, tandis que l’inverse s’observe 4 1’anode de la 
seconde triode. L’impulsion recueillie 4 celle-ci ne con- 
vient pas comme tension d’intensification, les enco- 
chages habituels de 1’onde rectangulaire positive pou- 
vant créer des variations parasites de luminosité. I 
est préférable de prélever 1l’impulsion négative 4 
l1’anode de la premiére. triode et de la rectifier, tout 
en l’inversant, dans un étage supplémentaire. Celui- 
ci est un circuit 4 deux triodes (tube 4), effeetuant 
un double écrétage par saturation 4 niveaux diffé- 
rents. Le potentiométre R., permet de prélever le 
voltage nécessaire 4 ]’intensification désirée. 


Seuls des phénoménes électriques positifs de volta- 
ge suffisant appliqués en E, peuvent déclencher le 
mécanisme. Les potentiels bioélectriques doivent étre 
amplifiés pour servir de tension de commande, celle- 
ei étant d’autre part nécessairement de signe positif. 
Par différentiation (C,) et détection (diode au ger- 
manium D,;) du signal d’entrée, 1’attaque de la grille 
de commande s’opére exclusivement par un top posi- 
tif 4 front raide initié par le phénoméne observé, et 
1’influenee de la durée de la transitoire sur la durée 
de bascule est limitée. Un préamplificateur de signal 
n’a pas été inelus; le dispositif différentiateur décrit 
plus haut (section A) en tient lieu, et connecté a la 
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sortie S,, le montage (B) est actionné indifféremment 
par de faibles tensions positives ou négatives appli- 
quées 4 l’entrée E,. La sensibilité de 1’étage univibra- 
teur est ajustée (par R, et R,;) afin d’assurer la 
baseule dés le début du phénoméne observé, cet effet 
résultant également de la différentiation du signal 
injecté (C,). 

La constante de temps des liaisons par C, et Cro 
évite la déformation des impulsions rectangulaires 
transmises. Dans certains oscillographes, il s’avérera 
nécessaire d’augmenter la constante de temps du cir- 
cuit d’attaque de grille du tube cathodique (entrée 
«Z»), en renforgant la valeur du condensateur incor- 
poré (a haut isolement). Une liaison insuffisante 
cause 1’extinction du spot 4 la fin de 1’impulsion 
intensificatrice, par négativation transitoire de la 
tension appliquée 4 la grille du tube cathodique. 


Ce procédé de modulation présente le défaut d’ac- 
centuer sans gradation la luminosité du spot (voir 
fig. 1); mais la simplicité du montage lui confére 
une réelle utilité lorsque les observations portent sur 
des phénoménes bioélectriques simples, de durée et 
d’amplitude stables. IIT s’applique mal 4 1’étude d’une 
activité électrique. complexe ou d’allure imprévisible. 
Lorsque le potentiel étudié est précédé d’un artefact 
de stimulation, celui-ci peut déclencher prématuré- 
ment 1’impulsion intensificatrice. Cet ineconvénient 
constitue une contre-indication 4 l’emploi de ce dis- 
positif pour l’enregistrement de réponses 4 grande 
latence. Lorsque l’artefact est particuliérement ré- 
duit, il est possible de limiter la sensibilité du mon- 
tage 4 un voltage légérement supérieur; |’accentua- 
tion de la trace du phénoméne bioélectrique subira 
en conséquence un retard manifeste (voir fig. 1, L). 


Le méme dispositif, déclenché par une base de 
temps externe, peut délivrer des impulsions rectan- 
gulaires négatives éteignant périodiquement le spot 
& la fréquence donnée, et permet de superposer un 
signal de temps 4 1’oscillogramme. Leur forme n’étant 
pas critique, les impulsions négatives sont prélevées 
directement 4 1’anode de la premiére triode de 1]’uni- 
vibrateur. 


(L’appareil a fait. l’objet d’une démonstration 
& la Réunion de Bruxelles, le 19 février 1955, de la 
Société Belge de Physiologie; Cerf et Libert, 1955). 


SUMMARY 


The paper describes a two-section electronic device 
for better recording of rapid bioelectric phenomena 
on the cathode-ray oscillograph sereen. In section A 
(fig. 2), proportional brightening of the trace during 
transient phenomena is achieved by application of a 
suitable positive voltage to the cathode-ray tube grid 
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(Z input). This voltage, proportional to the increase 
in writing-speed of the spot, is obtained by differen- 
tiation of the input signal. In section B (fig. 3), 
intensity modulation is produced by a positive square 
voltage applied to the grid. The square pulse is 
delivered by a one-shot multivibrator, triggered by 
the phenomenon under observation. This same device, 
used as a negative pulse-generator driven by an 
external oscillator, may produce intensity-modulated 
timing markers which blank the trace at known in- 
tervals. The use of either beam-intensifying device 
described is discussed in the paper. 


CHARLES LIBERT 
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AND PROCESSING OF DATA 


London, England. 


Correlation of cerebral blood flow and EEG. 

— Davin H. INGvaAR and ULF SODERBERG, Nobel 

yee, for Neurophysiology, Stockholm, Swe- 
en. 


The cerebral blood flow of the lightly anaesthe- 
tized cat has been studied with a new method by 
which the flow from the cannulated superior sagittal 
sinus is recorded with a drop recorder after the 
elimination of all major diploic anastomoses (Ingvar 
and Soderberg, Nature, 1956, 177: 339-340). In simul- 
taneous recordings this flow has been correlated 
with the EEG, the systemic blood pressure and the 
cutaneous blood flow. 

General ‘‘spontaneous’’ changes of the EEG, 
such as the onset of slow waves or high frequency 
low voltage waves, are accompanied in the lightly 
anaesthetized preparation by changes — sometimes 
very large changes — in the cerebral vasomotor tone. 
It is believed that they represent vivid cerebral vaso- 
motor reactions during changes in the EEG com- 
monly held to represent alterations in the state of 
wakefulness. 

In arousal, ‘‘spontaneous’’ as well as induced by 
natural or electrical stimulation, there is generally an 
inerease of the cerebral blood flow (Ingvar, Acta. 
Physiol. Scand., 1955, 33: 169-193) accompanying the 
electrographic activation pattern. The latency of the 
circulatory reaction is, however, about two to five 
seconds. The increased circulation associated with 
the arousal reaction gradually disappears as the 
arousal reaction itself passes off. 

In the fully anaesthetized state there is a para- 
lysis of the cerebral vasomotor reactions, the cerebral 
blood flow then being a direct function of the. 
systemic blood pressure. In’ this state there is also 
a block of the electrographic arousal reaction upon 
nociceptive stimulation. In deep barbiturate anaesthe- 
sia, for example, there are no cerebral vasomotor re- 
actions observed following nociceptive stimulation 
and, furthermore, there is no arousal reaction in the 
EEG which is dominated the whole time by the 
typical barbiturate spindle activity. During recovery 
from anaesthesia cerebral vasomotor reactions on 
stimulation tend to develop at the same time as other 
autonomic reactions are returning, like those of the 
pupil and of the nictitating membrane. 

Studies have also been carried out on the cerebral 
blood flow, the EEG, and the systemic blood pressure 
after administration of drugs most of which have a 
central nervous action. 


The effects of intraventricular injections of 
drugs on the electrical activity of the brain 
of the conscious cat. — P. B. BRADLEY and A. 
J. Hance, Department of Experimental Psy- 
chiatry, Medical School, Birmingham. 


Adrenaline, 5-Hydroxytryptamine (Serotonin), r-, 
d- and 1-Amphetamine, LSD 25 and Brom-LSD have 
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been injected into the lateral ventricles of the brain 
in conscious cats by means of an implanted cannula 
(Feldberg and Sherwood 1953). These animals also 
carried implanted electrodes (Bradley and Elkes 
1953) so that the effects of the drugs both on 
behaviour and on the EEG could be studied simul- 
taneously. 

The normal cortical electrical activity in the 
unrestrained conscious cat correlates closely with the 
behaviour state. The EEG of an undisturbed, sleep- 
ing eat consists mainly of high voltage slow waves, 
with occasional bursts of 9-12 ¢/sec. spindles (‘‘ drow- 
sy’’ state). Sensory stimuli cause a _ behavioural 
arousal and at the same time the slow waves are 
blocked and fast, low voltage activity at 15-30 ¢/sec. 
appears (‘‘alert’’ state). As the animal returns to 
the drowsy state, the EEG may show low voltage, 
5-10 e/see. rhythmic activity for a short period. 

Adrenaline (100-200 ng.) and Serotonin (200-250 
ug.) injected intraventricularly produced similar ef- 
fects on behaviour to those described by Feldberg 
and Sherwood (1954). Whereas adrenaline produced 
a condition resembling light anaesthesia in which the 
eat was unable to stand or walk and showed little 
response to sensory stimuli, Serotonin caused retarda- 
tion with apparent impairment of co-ordinated move- 
ment. The EEG effects with these drugs were not 
marked and consisted in some cases of an increase 
in slow activity which could still be blocked by 
sensory stimuli. 

When either of these drugs was followed or pre- 
ceded by an intraperitoneal injection of amphetamine 
or LSD 25, the effects of which have been described 
(Bradley and Elkes 1953b), the behaviour showed 
little change but the EEG was modified. Thus r- 
amphetamine sulphate (2-4 mg/kg. intraperitoneally ) 
following intraventricular adrenaline or Serotonin no 
longer produced hyperactivity, apart from some in- 
crease in head movements, although it did establish 
an alert pattern of fast activity in the EEG. Sim- 
ilarly, LSD 25 (20-25 uwg/kg. intraperitoneally) no 
longer caused alerting of behaviour but in some eases 
intensified the behavioural effects of intraventricular 
adrenaline or Serotonin. Instead of producing an alert 
EEG, LSD 25 caused the appearance of high voltage, 
rhythmie activity at 4-7 ¢/see. which was not localised 
to a particular cortical area and responded only tran- 
sitorily to sensory stimuli. 

Intraventricular injection of LSD 25 alone (100- 
200ug.) produced similar high voltage, 4-7 c¢/sec. 
rhythmic activity which waxed and waned in am- 
plitude and which again could only be blocked tran- 
sitorily. The behaviour of the animals was retarded; 
they showed little interest in their surroundings and 
rarely changed their position unless handled. Bromly- 
sergic .acid diethylamide, which in man does not 
cause psychological disturbances, produced sedation 
with a corresponding increase of slow activity when 
given intraventricularly in doses up to 500 wg; there 
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was no sign of the high voltage, rhythmic activity 
peculiar to LSD 25. 

r-Amphetamine sulphate intraventricularly had 
no apparent effect on cortical electrical activity even 
when as much as 4 mg. was given. Such large doses 
caused immediate licking and vomiting followed by 
mild sedation for about one hour. Neither the d- nor 
the l- isomer had any effect either on EEG or on be- 
haviour in doses of up to 800 wg. intraventricularly. 

All these drugs given intraventricularly produced 
ataxia and sedation in varying degrees, although there 
were some differences in the EEG effects. In the 
ease of adrenaline, LSD 25 and amphetamine, the 
effects of intraventricular injections were the oppo- 
site to those observed when these drugs are ad- 
ministered by other routes. With Serotonin, Brom- 
LSD and chlorpromazine (reported in another com- 
munication) the effects were similar with both intra- 
ventricular and intraperitoneal injections. 
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3. The effects of chlorpromazine and methopro- 
mazine on the electrical activity of the brain of 
the conscious cat. — P. B. Brap.ey and A. J. 
Hance, Department of Experimental Psychiatry, 
Medical School, Birmingham. 


The electrical activity of the brain has been re- 
eorded in the conscious, unrestrained cat, using an 
implanted electrode technique (Bradley and Elkes 
1953a). Drugs have been administered intravenously, 
intraperitoneally and in some cases intraventricularly, 
in the latter case by means of a previously implanted 
cannula (Feldberg and Sherwood 1953). 


Chlorpromazine, administered intravenously (2-4 
mg/kg.) or intraperitoneally (15-20 mg/kg.), caused 
bursts of irregular 5-8 ¢/sec. activity to appear in the 
EEG, together with some slow waves. The animals 
were retarded and appeared indifferent to the en- 
vironment and to sensory stimuli. The latter also 
failed to block the slow wave activity. Animals which 
were previously friendly or affectionate became in- 
different to the presence of the observer, and in a 
few experiments, appeared somewhat aggressive when 
disturbed. Similar effects were observed when chlor- 
promazine was injected into the lateral cerebral ven- 
tricles in doses of 0.5-1.0 mg/kg. 


Methopromazine was given intraperitoneally in 
doses of 20-30 mg/kg. With these doses the effects 
were similar to those seen with chlorpromazine but 
were less marked. Thus the slow and 5-8 ¢/see. 
activity was often interrupted for long periods by 
low amplitude, fast activity. The behavioural effects 
observed with this drug were also similar to those 
seen with chlorpromazine, but aggressive tendencies 
were noted more frequently following methopromazine. 
Owing to the difficulty of dissolving methopromazine 
in a sufficiently highly concentrated solution, this 
drug has not as yet been injected intraventricularly. 

Both chlorpromazine and methopromazine were 
also studied in combination with other drugs. These 
were physostigmine sulphate (0.1-0.4 mg/kg.), atro- 
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pine sulphate (0.3-3.0 mg/kg.), r-amphetamine sul- 
phate (2-12 mg/kg.) and LSD 25 (10-100 ywg-kg.), 
the effects of which have been described (Bradley 
and Elkes 1953b). Chlorpromazine given either be- 
fore or after administration of r-amphetamine or 
LSD 25 blocked the alerting of electrical activity and 
behaviour normally seen with these drugs. On the 
other hand, physostigmine still produced low am- 
plitude, fast electrical activity, when given after 
chlorpromazine, and atropine produced its  char- 
acteristic slow wave activity in the EEG in much 
smaller doses (0.3-0.6 mg/kg.), than those required 
to produce similar effects in the normal animal (1.5- 
3.0 mg/kg.). Thus chlorpromazine appeared to po- 
tentiate the EEG effects of atropine. Neither physos- 
tigmine nor atropine modified the behavioural effects 
induced by chlorpromazine, however. Very similar 
effects, both on electrical activity and on behaviour 
were observed when methopromazine, instead of chlor- 
promazine, was used in combination with the other 
drugs. 


Chlorpromazine was also studied in acute experi- 
ments in encéphale isolé and cerveau isolé preparation 
in which blood pressure was recorded simultaneously 
with electrical activity. In the encéphale isolé intra- 
venous injections of small doses (0.5-1.0 mg/kg.) of 
chlorpromazine were followed by a temporary blocking 
of the spindle and slow activity characteristic of this 
preparation. When the slow activity returned, how- 
ever, it showed an increase in amplitude and greater 
regularity. These changes could not be correlated 
with any blood pressure changes which occurred. When 
larger doses were used only the increase in the 
slow wave activity was observed, but with doses 
greater than 4 mg/kg. a marked fall in blood pressure 
occurred and this was accompanied by flattening of 
the EEG record. In the cerveau isolé no change in 
the electrical activity was observed following chlor- 
promazine provided that the transection was com- 
plete. 


The results of these experiments support the sug- 
gestion that the depressant action of chlorpromazine 
may be due to an action on the brain stem reticular 
formation (Longo, Berger and Bovet 1954). 
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4. Action of chlorpromazine, Reserpin and Sero- 
tonin on the unanesthetized rabbit’s brain 
(Cortex, Diencephalon, Rhinencephalon and 
Reticular formation). — MARCEL MONNIER and 
H. Ganctorr, Laboratoire de Neurophysiologie 
Appliquée, Geneva. 


A stereotaxic method has been developed for elec- 
trical stimulation and derivation of the spontaneous 
or evoked activity of the rabbit’s brain (Gangloff and 
Monnier, Pfliigers Arch., 261, 421, 1955). The tech- 
nique permits comparison between control and drug 
effect on the following: 

1. The spontaneous 


electrical activity of the 


motor, somaesthetic and visual cortex, medial and 
lateral thalamus, midbrain reticular formation. 


2. The threshold and electrographic pattern of the 
discharge and after-discharge induced by electrical 
stimulation of the cortical and subcortical structures. 


Results : 


The drugs, with the exception of Reserpin, in- 
duce electrographically an initial relaxation or sleep 
pattern. This transitory effect is followed, under in- 
fluence of the three drugs, by a constant long-lasting 
electrographic alteration, similar to an arousal pat- 
tern, but with decreased reactivity to external stimuli 
and human presence. The voltage of the bilateral 
spike and wave effects recruited in the cortex by 
stimulation of the thalamus may be slightly in- 
creased, especially by chlorpromazine, and less con- 
sistently by Serotonin. On the other hand, the voltage 
of the spikes evoked in the thalamus and cortex by 
stimulation of the midbrain reticular formation is 
decreased by the three drugs, and slightly also the 
discharge induced in the cortex by stimulation of the 
rhinencephalon (chlorpromazine and Serotonin). This 
may be due partially to a decrease of the cortical 
excitability demonstrated by a marked rise of the 
threshold of the cortical after-discharge under in- 
fluence of the three drugs. The passivity and emo- 
tional indifference of the animal to external stimuli 
and himan presence may be explained by a discon- 
nection or decreased excitability at this higher thala- 
mo-cortical level. The animal does not sleep however, 
except perhaps under influence of chlorpromazine, 
certainly not under influence of Reserpin. It is awake; 
its EEG shows an arousal pattern, and its reticular 
system is partially activated, at least in the lower 
brainstem. In the midbrain, in fact, the effects of 
the reticular stimulation are rather increased. 

Attention or arousal patterns alternate often dur- 
ing the experiment with relaxation patterns, as the 
expression of an oscillating balance between two 
functional antagonistic systems: a _ spike-producing 
reticular system and a thalamo-cortical recruiting 
system. 


5. A cholinergic ‘“‘local hormone”? mechanism in 
the cat’s brain. — J. E. Desmept, Laboratoire 
de Pathologie Générale, Université de Bruxelles, 
Brussels. 


The participation of acetyleholine (ACh) in 
central nervous mechanisms is still largely a matter 
for discussion. With respect to the cerebral cortex, it 
has been shown that small doses of ACh can activate 
the spontaneous rhythms (Bonnet and Bremer 1937), 
and that choline esters are liberated within the active 
eserinized cortex (MacIntosh and Oborin 1953). In 
the present communication, a case is made for the 
view that these choline esters may be less concerned 
with synaptic transmission than with humoral con- 
trol of cortical excitatory state. 

Differentiation between these two possibilities. is 
made difficult by the structural complexity and func- 
tional heterogeneity of the cerebral cortex. Never- 
theless advantage may be taken of the particular dis- 
tribution of the two types of cholinesterases (ChE) 
within the brain (Koelle and others), acetoChE being 
associated mostly with neurons and butyroChE (or 
pseudoChE) with neuroglial cells. A combined elec- 
trophysiological and enzymological study, using a 


number of selective inhibitors of these enzymes, gave 
the rather unexpected result that selective inactivation 
of butyroChE produces a typical activation pattern 
of the brain rhythms as well as a behavioural arousal 
in the sleeping cat (Desmedt and La Grutta 1955). 
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This result suggests that the neuroglia is effec- 
tively participating in the regulation of the chemical 
milieu of nerve cells, by controlling in some way the 
level of choline esters within the tissue. The alter- 
native possibility that neuroglial butyroChE would 
be involved in transmitter processes at the synapses 
located on neurons somata seems unlikely. On the 
other hand, the present experimental evidence neither 
proves nor disproves the possibility that some cortical 
synapses may be cholinergic and may utilize neuronal 
acetoChE for the hydrolysis of a transmitter. 


The demonstration that neuroglial butyroChE can 
influence the cortical excitatory state invites con- 
sideration of a number of difficult problems. For in- 
stance, the physiological substrate of butyroChE is 
unknown, and one may question whether it is ACh 
rather than anather choline ester; in fact, the 
optimal substrate for cat’s brain butyroChE is buty- 
rylcholine, and it must be remembered that pharma- 
ecological assays like those of MacIntosh and Oborin 
(1953) do not so easily differentiate between choline 
esters (see Banister, Whittaker and Wijesundera 
1953). Also, the locus where the choline esters re- 
sponsible for the pharmacological arousal are elaborat- 
ed can only be guessed: they might be secreted like 
‘*local hormone’’ by some neurons or by some neu- 
roglial cells, or they might be released by some 
afferent fibre system. 


Finally, it is puzzling to imagine how this humoral 
mechanism can be ‘‘set’’ to any particular level if it 
does indeed participate in the control of the ever- 
changing cortical excitatory state by regulating local 
chemical gradients. However, the neuroglial buty- 
roChE might have a more statie function, e.g. to 
prevent the concentration of choline esters from 
rising above a (fixed) critical level within the 
nervous tissue. 
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6. The central action of adrenaline: pharmacologic- 
al consequences. — P. DELL and M. BONVALLET, 
Faculté de Médecine, Paris. 

Physiological data 
Two series of experimental data suggest the 

existence of an adrenergic component at the mesen- 

cephalic and hypothalamic level of the brain stem re- 
ticular formations: 

A. The ascending reticular system responsible for 
cortical activation as well as the descending system 
responsible for the facilitation of the spinal motri- 
city are stimulated by the direct action of adrenaline 
at their mesencephalic level. Intravenous injection of 
adrenaline or liberation of endogeneous adrenaline 
(nociceptive stimulation, splanchnic or bulbar stim- 
ulation) in a preparation with a prebulbar section of 
the brain stem produce an intense activation of the 
electrical activity of all cortical areas. This effect 
disappears after an intercollicular section passing to 
the ventral surface just rostral to the pons. Cortical 
activation consequently is not due to a direct cortical 
action of adrenaline but to an action on the mesen- 
cephalic portion of the reticular arousal system (Bon- 
vallet, M., Dell, P., Hiebel, G., HEG Clin. Neuro- 
physiol,. 1954, 6: 119). These results have been con- 
firmed and extended (Rothballer 1955). On the other 
side, adrenaline produces a considerable facilitation 
of monosynaptie and, less regularly, of polysynaptic 
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spinal reflexes in a preparation with a section of the 
brain stem at the premamillary level. This facilita- 
tion disappears after a more posterior section, e.g. 
prepontine or transpontine section. The facilitatory 
effects result from the action of adrenaline on the 
hypothalamic and mesencephalic component of the 
reticular facilitating system (Dell, P., Bonvallet, M. 
et Hugelin, A., EEG Clin. Neurophysiol., 1954, 6: 
599). These results have been confirmed (Sigg, E., 
Ochs, S. and Gerard, R. Amer. J. Physiol., 1955, 
183: 419). Light doses of barbiturates destroy these 
effects. 

B. From the chart published by Vogt (J. Physiol., 
1954, 123: 451) indicating the accumulation of ‘‘sym- 
pathin’’ (mainly non-adrenaline) in different parts 
of the encephalon, it appears that ‘‘sympathin’’ is 
concentrated predominantly in the brain stem regions 
overlapping with the sympathetic and somatic reti- 
cular systems. 

The fact that certain reticular interneurones are 
directly sensitive to the influence of adrenaline and 
that there is an accumulation of ‘‘sympathin’’ (li- 
berated in situ) at the same central levels suggest the 
existence of an adrenergic link operating in the reti- 
cular function. 


Pharmacological applications 


These physiological data may be taken as a start- 
ing point to explain the central action of drugs 
structurally related to adrenaline, or known for their 
sympathomimetic or sympatholytic action at the sym- 
pathetic periphery. We have studied in detail d-am- 
phetamine and a compound with adrenolytic effects, 
chlorpromazine. 


A. It has been shown that d-amphetaniine has the 
same EEG arousal effects as adrenaline and that it 
enhances the central action of circulating adrenaline. 
These effects are even more powerful: after a post- 
mamillary section of the brain stem there is no more 
cortical activating effect of adrenaline, but d-am- 
phetamine still acts; this effect is lost however after 
‘a premamillary section. We interpret these results 
as showing that so long as a small quantity of reti- 
cular substance remains in relation with the cortex, 
d-amphetamine may develop its activating action 
(Hiebel, G., Bonvallet, M., Huve, P., Dell, P., Sem. 
Hop., Paris, 1954, 30: 1880). 

B. Concerning chlorpromazine a depressing action 
on the reticular systems has been demonstrated; this 
depression is the result of at least three converging 
mechanisms; a diminution of responsiveness of R. F. 
to-:afferent stimuli, a suppression of responsiveness to 
circulating adrenaline, an enhancement of the de- 
pressing effects of carotid sinus afferences (Hiebel, 
G., Bonvallet, M., Dell, P., Sem. Hép., Paris, 1954, 30: 
2346). 

It may be suggested that other drugs of the 
same series act, partially at least, through the same 
fundamental physiological mechanism. 


7. The action of LSD 25 on the behaviour and 
on the cortical and rhinencephalic rhythms of 
the chronic cat. — P. PAssoOuANT, Tu. Pas- 
SOUANT-FONTAINE and J. CADILHAC, Faculté de 
Médecine, Montpellier. 


LSD 25 (Sandoz) produces in man changes in 
mood and perception, .particularly in the visual 
modality. In animals, the effects of the drug on the 
electrical-activity of the brain have been interpreted 
in various ways. 
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The relation between the changes in cerebral elec- 
trical activity and those in behaviour under the in- 
fluence of LSD 25, have been studied in 10 chronic 
cats carrying electrodes implanted at the level of the 
cortex and various sub-cortical structures, particularly 
in the rhinencephalon (Cornu Ammonis, amygdala, 
cingular gyrus and mamillary bodies). The drug was 
given by intra-muscular injection in doses of 50 to 200 
microgram/kg. In most animals successive experiments 
were made at several days interval. The effects of 
LSD 25 were compared with those of Reserpine or 
Serotonine injected either successively or at the same 
time. 

1. The behaviour of the animal is little changed 
with doses below 70-100 micrograms/kg. With larger 
doses motor agitation and unstable behaviour appear, 
without marked change in the control of movement, 
co-ordination or sensory perception. 

2, The spontaneous electrical activity is greatly 
altered; the cortex shows prolonged bursts of large 
slow sinusoidal waves at 3-4 ¢/see. similar to those 
seen in deep sleep. These slow waves appear also 
in the hypothalamus, the mamillary bodies and in the 
septum. The activity of the hippocampus on the 
other hand is little changed. 

The cortical responses picked up at the level of 
the specific projection areas are not affected, but 
they are masked by the cortical bursts and are seen 
clearly only in the intervals between these. 

3. The electrical thresholds for after-discharges 
are unchanged by LSD 25, nor is the duration of 
the after-discharge affected. On the other hand the 
recovery period for the electrical activity following 
a cortical seizure is markedly increased. 

4. The electrical effects of LSD 25 persist after 
the injection of large doses of Reserpine or Serotonine, 
which produce striking and characteristic vegetative 
and motor changes. 

These results demonstrate : 

1. The contrast between the clarity of the changes 
in cortical electrical activity and the slightness of the 
motor and vegetative manifestations after LSD 25. 

2. The lack of correspondence between the effects 
on the electrical activity of the cortex and on that 
of the rhinencephalon. 

3. The absence of antagonism between LSD 25 
on the one hand and Serotonine or Reserpine on the 
other. 

4. Above all, the existence of a selective action of 
LSD 25 on the regulation of cerebral electrogenesis 
and on the diffuse projection centres of the cortex. 
This action explains to a great extent the clinical 
phenomena seen after exhibition of LSD 25 in man. 


8. The action of bulbocapnine on the behaviour 
and on the cortical and rhinencephalic rhythms 
of the chronic cat. — P. PAssouAntT, Tu. Pas- 
SOUANT-FONTAINE and J. CApILHAC, Faculté de 
Médecine, Montpellier. 

Bulboeapnine, one of the alkaloids of Carydalis 
Cava, produces a eataleptic state in animals. This 
action has been studied particularly by Baruk and de 
Jong (1930) but its mechanism is still obscure. 

A parallel study of the changes in behaviour and 
cerebral electrical activity after administration of 
bulbocapnine has been made in 10 chronic cats ear- 
rying electrodes implanted at the level of the cortex 
and various subcortical structures, particularly the 
rhinencephalon (Cornu Ammonis, amygdala, cingular 
gyrus, mamillary bodies). The doses of bulbocapnine 
varied from 20 to 50 mg/kg. 
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1. The changes in behaviour were invariable; 
catalepsy with muscular stiffness and maintenance 
of imposed attitudes are obtained with doses of 
about 20 mg/kg. Motor reactions produced by elec- 
trical stimulation of the reticular formation, the 
amygdala or the cortex are slowed but not suppressed 
by bulbocapnine. 

2. Cerebral electrical activity on the whole is 
little changed. However, in most cases the following 
effects were noted: a reduction in amplitude of the 
record and sometimes induction of a sleep pattern; 
quite large short spikes in the hippocampus; an in- 
crease in the cortical responses to sound and light 
stimuli. 

3. The electrical thresholds for after discharges 
are raised, generally in all structures studied, even 
though the actual duration of the after discharge and 
the motor and vegetative changes which accompany 
it remain unchanged. In some eases these thresholds 
are raised to a greater extent in the cortex and the 
reticular formation than in the hippocampus. 

In conelusion: 

1. There is a clear contrast between the striking 
changes in the behaviour of the animal and the 
triviality of the modifications in spontaneous elec- 
trical activity of the brain. 

2. The elevation of excitability thresholds and 
the induction of sleep patterns suggest a central de- 
pressive action for bulbocapnine, but the variations 
of excitability are so great that no conclusion can be 
drawn as to the anatomical site of election of the 
drug. 


9. A small 6 channel EEG instrument. — T. J. 
McDermott, Neuropsychiatric Research Centre, 
Whitchurch Hospital, Cardiff. 


The relatively high cost of present day EEG 
machines suggested the possibility that the electronic 
commutator techniques, developed for a 24 channel 
instrument (McDermott 1954) could be used to design 
a small inexpensive 6 channel instrument. 


The small 6 channel instrument described is 
intended for use only in centres where the cost of a 
full-size EEG unit would be prohibitive, for the pre- 
liminary selection of patients to be sent to the central 
EEG unit for full investigation by the usual methods. 


The use of the electronic commutator precluded 
the use of ordinary pen recorders; consequently the 
display of the 6 channel traces on the face of a cathode 
ray tube (C.R.T.) was adopted. No permanent record 
can be obtained from the C.R.T. except by the use 
of a camera attachment. However a C.R.T. with 
long after-glow screen is used. The tracing can thus 
be observed for a sufficient length of time for an 
estimate of the nature of the EEG record to be made. 
The electronic commutator enables a minimum num- 
ber of thermionic valves to be used. One Cascode 
preamplifier stage is used per channel before the com- 
mutator modulators. Unipolar electrode connection 
with an electrically derived reference potential is 
used, so that foci can be recognised by the observa- 
tion of voltage maxima. The six channel traces are 
deflected horizontally by a repetitive or single-stroke 
time base which can be run at 1.0 em/see., 3 em/sece. 
or 10 em/see. The channel deflection sensitivity is 
approximately 1 em. for 50 wV. with a spot size of 
0.3 mm. and maximum deflection of 13 mm., the basic 
irregularity being of the order of 3-5 wV. r.m.s. The 
instrument is made in two sections, a display unit 
18” x 12” x 9” of 20 lbs. weight, and a power 
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supply 12” x 9” x 8” of 221% Ibs. weight. The 


total power consumption is less than 150 watts. 


10. Problems in the design of a 21 channel transis- 
tor EEG machine. — J. A. V. Bates and J. D. 
Cooper, M.R.C. Unit, National Hospital, Queen 
Square, London. 


The machine under construction is intended for 
use in detailed EEG and_ECG study of a few patients 
rather than routine investigation of many. It is 
designed round a writer-unit of 21 pens recording on 
9 in. (23 em.) paper. The EEG trace we are familiar 
with is based on a 5 em. radius pen with a 2 em. 
peak-peak deflection, and a paper-speed of 3 cm/sec. 
and a trace width of 0.02 in. (0.5 mm.). In the new 
unit the peak deflection, paper width and trace speed 
are all halved. Thus the same proportion is maintain- 
ed in the record of half normal size, but there is 
less radial distortion and, what is’ more important, 
there is a four-fold reduction in power needed to 
operate the pen. We have a definite need to keep 
the machine small and mobile and this, together with 
consideration of cost and ease of operation, has led 
us to abandon the conventional idea of multiplication 
of the unit independent amplifier, and hence to aban- 
don the flexibility which the conventional scheme gives 
to the operator. We thus have arranged for no 
independent controls for attenuation, HF cut and 
LF cut. We also are proposing to have no independent 
electrode switching, but in its place we have the 
ability to select a large number of alternative com- 
binations of 42 electrodes and 42 inputs, by the 
insertion of easily prepared cards into an appro- 
priate ‘‘contact’’ unit. These simplifications and 
sacrifices, coupled with the use of transistors, enable 
us to contain the electrical equipment for 21 chan- 
nels, the writer unit, paper store, and all supply 
batteries in a space 2 ft. (60 em.) cubed. 

The use of transistors in a high gain physiological 
amplifier involves at the outset a solution to the 
problem of the significant variation of their working 
characteristics with changes in ambient temperature. 
Offner claims to have solved this by the use of cir- 
cuits involving mechanical choppers but we did not feel 
sufficiently confident in the reliability of any avail- 
able components to follow his lead. We have instead 
converted the conventional push pull valve circuit to 
transistor operation, and we are relying on the delicate 
temperature control of ‘‘heat sinks’’ and a special 
layout to achieve a constant ambient temperature at 
the upper limit of the daily swing (80°F,.27°C) in 
the vital parts of the circuit. This solution brings 
with it other difficulties in the construction and test- 
ing of prototypes and in servicing which must all be 
done at the same ambient temperature, but two other 
possible solutions to the problem of temperature in- 
stability seemed to present greater difficulties: 


1. Cooling to the lower limit of the daily swing 
(50°F or 10°C) is more difficult to achieve on a 
small seale than heating and would bring with it 
problems of water condensation in the equipment. 


2. Matching transistors in pairs both for equal 
gain (to achieve adequate in-phase rejection) and for 
equal change of current with change of temperature 
would be quite impracticable at present. 

There are two other problems in connection with 
transistors which are not ineonsiderable; firstly, 
achieving the right condition at the input circuit to 
obtain both low noise and a reasonably high input 
impedance the solution we have adopted is to use 
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a very low collector current in spite of the fact that 
this increases the temperature instability; secondly, 
the problem of obtaining sufficient power from 
available transistors to drive available pen-writers. 
This has only been possible to solve by the power 
economies achieved by a lower pen deflection. 


11. Economy of amplifiers for multichannel record- 
ing. — H. B. Morton, National Hospital, 
Queen Square, London. 


The need for greater simultaneous EEG coverage 
has led to the development of apparatus with many 
pen recorders, each driven by its own amplifier. With 
the 20 or so recording electrodes commonly used for 
clinical investigation, a point is reached where the 
number of input grids exceeds the total number of 
electrodes. It would appear, therefore, that it might 
economise in equipment to use a single sided ampli- 
fier for each electrode rather than a push-pull am- 
plifier for each pen, as in the conventional EEG 
equipment. 

The adoption of this system of individual elec- 
trode amplifiers leads to major changes in the design 
of apparatus. For instance, the electrode selector 
switch, normally placed between the electrodes and 
the input to the amplifiers, may be placed between 
the amplifier output terminals and the pens, enabling 
switching to be carried out as a point where the 
signal level is of the order of volts rather than 
microvolts. Selection of electrode patterns may then 
be carried out whilst recording, without blocking the 
amplifier. 

The number of traces available from a given 
pattern of electrodes would be limited primarily by 
the pen recorders available, the one assembly of elec- 
trode amplifiers serving any number of such recorders. 


The use of individual amplifiers for each electrode 
raises the question of the other input terminal, and 
the proposal is that each electrode potential is 
measured against the average potential of all the 
electrodes on the head (Offner 1950). The output 
from such an arrangement would be: 

1. Normal bipolar recordings, obtainable between 
amplifier outputs. 

2. Unipolar information, available between any 
amplifier output and an average point. 

3. Any combination of both systems, available 
simultaneously by selection on the electrode switch. 

As an electrode amplifier could be connected to 
any recorder it would be necessary that each ampli- 
fier had the same gain and frequency response as 
that of its neighbours; a machine designed to meet 
these requirements would be specifically for EEG 
recordings and not for use as a general purpose 
physiological amplifier. This leads to a simplification 
of controls, with the operator faced with only three 
knobs for control of gain, high frequency response 
and time-constant. 

A multi-channel amplifier designed to. test the 
practicability of associating one amplifier’ with one 
electrode has been constructed and its suitability as 
a clinical electroencephalograph is at present being 
evaluated. The system of electrode amplifiers selected 
for the first tests is similar to that described by Lilly 
(1949), being an extension of the push-pull ampli- 
fier principle and utilising a high impedance common 
to the cathodes of all the electrode amplifiers. This 
impedance will provide discrimination against in- 


phase signals on all inputs relative to earth and, at 
the same time, a signal will be developed across it 
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which is proportional to the average of all the in- 
puts. Hence the output signal from one amplifier 
will be a measure of the potential difference between 
the electrode to which it is connected and the average 
of all electrodes. 

The ability of such an amplifier to provide a 
high ‘‘ differential gain’’ (Offner 1947), whilst main- 
taining both a low ‘‘in phase gain’’ and a low 
‘inversion gain’’, is one of the factors at present 
being investigated. 
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12. A micrographic oscillograph for EEG and neu- 
rophysiological recording. — CLAUDE Leroy, 
L’H6pital Psychiatrique de Villejuif, Paris. 


The apparatus has 8 channels, providing for EEG 
recording with direct writers on standard 35 mm. 
film; this is smoked with lamp black and the record 
is fixed with cellulose varnish. 

The recording speeds are 0.5, 1.0, 2.5, and 5 mm. 
per sec. driven by a synchronous motor, and 10, 20, 
40, 80 and 160 mm. per sec. with a non-synchronous 
motor. A ninth signal writer is available. 

The calibration gain provides 0.5 mm. for 50 
uwV. input. The frequency response is practically flat 
from 0 to 800 ¢/sec.; the amplitude is still up to 
60 per cent at 1,200 c/sec., the natural frequency of 
the movements being 850 ¢/sec. 

The trace thickness is 0.01 mm. The writer length 
being 37 mm., the are distortion is much less than 
with an ordinary EEG recorder. Direct recording in 
this way of the higher frequencies encountered in 
neurophysiology is perfectly possible. Storage space 
required for records is reduced by a factor of 20. 

This equipment has been attached to the output 
of the third stage of an E.C.E.M. type of EEG 
amplifier with the addition of a special fourth stage, 
the original power output stage being kept for paper 
recording. 


13. Radio-Electroencephalography. — W. G6rzE 
and A. Korres, EEG Laboratory, University of 
Berlin, Berlin. 


In order to make possible a derivation of brain 
potential while the subject underwent physical stress, 
the EEG was transmitted by means of radio waves 
utilising a method similar to that proposed by 
Breakell and his colleagues. 


The brain potentials are first taken through a 
carrier-frequency amplifier. The output of this is 
used to modulate a short-wave transmitter whose fre- 
quency is multiplied by a frequency multiplier to ap- 
proximately 160 M/cycles (2m) and emitted by an 
aerial. The carrier-frequency (2m) is picked up and 
amplified in an H. F. amplifier. The next step is a 
frequency changer producing an intermediate fre- 
quency which, through an appropriate amplifier, is 
further amplified and demodulated to regain the low 
frequency brain potentials. This provides the input 


for one of the channels of a Grass EEG machine for 
continuous recording. 

As a control experiment for the quality of the 
brain potentials as transmitted by radio and sub- 
sequently recorded, the same derivation was recorded 
simultaneously directly through the Grass machine, 
in a different channel. Recordings were made with 
the subject at rest, while overbreathing, and under 
Evipan. The records obtained via radio transmission 
and those obtained directly showed close agreement. 

The reproduction of alpha, beta and delta waves 
approximated true frequency and amplitude with a 
high degree of fidelity. 

Transmitting and receiving equipment was ar- 
ranged for a start in the same room to facilitate 
comparison of two channels on the same recording 
machine. However, we succeeded not only in record- 
ing brain potentials broadcast in the same room, but 
also from different storeys of the building such as 
from the basement to the laboratory on the second 
floor. Other experiments showed that the transmitter 
has a reach of 2 km. (1.24 miles). The dimensions 
of the transmitter and the carrier-frequency amplifier 
could be arranged so that they could be worn by the 
subject. There was no effect on the brain potentials 
due to the close proximity of the transmitter to the 
subject. Transmission was also carried out with the 
subject and equipment outdoors. It is, of course, also 
possible to transmit other biological phenomena such 
as EKG and muscle potentials. 

Investigations of brain potentials under the in- 
fluence of physical stress are planned. 


14. A per cent-time computor and associated band 
pass filter. — G. W. Morris, Crichton Royal, 
Dumfries. 


This equipment was designed to measure the time 
during which alpha rhythm was present in the EEG 
and to express it as a percentage of time. The com- 
putation is made and written out at regular intervals 
as routine EEG recording proceeds. 


The rhythm is isolated by means of a band pass 
filter of a type similar to that previously described 
by Morris and Dawe. These filters consist of a num- 
ber of electronic resonant circuits tuned to different 
frequencies and connected in such a way that their 
resonance curves overlap to produce a band pass 
characteristic. Special precautions are taken to mini- 
mise the effect of variations in supply voltage and 
changes in valve characteristics. In the particular 
application the filter is arranged to pass frequencies 
of 8 to 13 ¢/see. 


The output of the filter operates trigger circuits 
when the amplitude exceeds a certain critical value 
and thereby switches on a capacitor charging circuit. 
A timing device is arranged to interrupt the charging 
should the input cease for more than avery brief 
interval. Other circuitry delays the commencement of 
charging until three consecutive cycles have been re- 
corded. After a standard interval of time the capacitor 
is discharged and the discharge time recorded by 
time marks on the EEG record at 1/10, 1/2 and 1 
see. intervals. The discharge rate is adjusted so that 
10 seconds corresponds to 100 per cent. Both charging 
and discharging circuits ineorporate Miller Integrators 
to ensure linearity and the capacitors are duplicated 
so that one may be written out while another is being 
charged. 

The time marker signals are generated by circuits 
incorporating Dekatrons which count down from the 
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mains frequency of 50. ¢/sec. Further frequency 
dividers control the length of the standard charging 
epoch and the sequence of the various operations. 
Although designed for a specific series of exper- 
iments to study the organisation of the alpha rhythm 
in relation to age and psychiatric treatment, this 
apparatus: could be of assistance whenever the time 
pattern of any rhythmic activity is being studied. 


15. A transportable low frequency wave analyser. 
H. W. Suieton, Burden Neurological Insti- 
tute, Bristol. 


The automatic low frequency wave analyser de- 
scribed by Baldock and Walter has been re-designed 
in the light of several years operational experience 
with the protctype. An attempt has been made to 
improve tae stability, simplify the operating and 
maintenance procedures, and to produce an easily 
transportable instrument. This paper will deal with 
the circuit changes, familiarity with the original cir- 
cuit being asst med. 

A single valve resonant circuit is used, the fre- 
quency-determining element being a 3 stage tapered 
R.C. network. The tapered network has substantially 
less insertion loss than the original type, uses a 
minimum of selected or close-tolerance components 
and occupies less space. The reduced insertion loss 
permits a conservative design of amplifier, inherently 
less susceptible to changes in supply voltage and 
having a wide grid base. The integrator circuits are 
similar to those used in the original except that a 
much higher value of cathode resistor is used to 
obtain improved linearity. Variations in dark current 
arising from heater voltage changes are minimised 
by the use of a simple diode compensation circuit. 

To avoid the need for a ‘‘floating’’ H.T. supply, 
additional contacts are fitted to the change-over relay 
so that the stored signals can be applied in the 
correct sense, to the grid of the write-out valve. This 
greatly simplifies the power unit, all H.F. supplies 
being obtained from a single 400 V. 100 m/A. trans- 
former. A ‘‘eascode’’ stabiliser is used to feed the 
resonator and integrator units from a 250 V. line; 
this has proved superior to gas stabilisers. The 250 V. 
line is held stable to 0.5 per cent for all acceptable 
changes of mains voltage; this degree of stability is 
easily achieved and maintained and is” ertirely 
adequate. 

The write-out pen is now the cathode load of the 
output valve which renders unnecessary any capaci- 
tative damping and allows the write-out to ap- 
proximate true ballistic conditions. 

The averager is basically unchanged but the use 
of a ‘‘Dekatron’’ cold cathode selector tube has le1 
to a small simple substitute for the earlier P.O. 
relays, a considerable saving in components and 
power requirements being thereby effected. 


The mechanical details have been painstakingly 
considered by Mr. W. J. Warren, who is responsible 
for the construction. An air-spaced continuously 
rotating switch is used, adapted from the well tried 
Post Office uniselector. A specially developed 26 way 
change-over relay allows very long periods of opera- 
tion (estimated three years normal service) without 
cleaning or adjustment. Such adjustments as may 
be required can be made without special tools or un- 
usual mechanical skill. Great stress has been laid on 
the need for easy access to all operating parts. 


The dimensions of the equipment are 24 x 10 x 
34 inches high (total volume — 8,160 cu. in.) and 
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the total weight is 108 lbs. This compares with a 
volume of approximately 22,000 cu. in. anda weight 
of 377 lbs. for the currently obtainable commercial 
version. 

In use the equipment has been found extremely 
reliable and the small space and light weight have 
enabled the equipment to be carried by car to out- 
lying EEG centres. The analyser can readily be at- 
tached to any current British machine and to most 
American and European equipments. Adjustment of 
controls has only been required at quarterly intervals 
and in the course of one year of operation no changes 
of valves or frequency determining components have 
been necessary. A commercial version of the instru- 
ment could be sold at a price of about £1,200. 


16.—A _ multiple channel cross-correlator for 
clinical electroencephalography. — E. GeEorF-. 
FREY WALSH, Dept. of Physiology, University of 
Edinburgh. 


Orthodox recording techniques readily yield to the 
eye data as to amplitude and some information as 
to frequency. The equally important phase relation- 
ships are often more difficult to ascertain requiring 
detailed examination of the traces, considerable expe- 
rience and, for all except the slower components, a 
fast paper drive to obtain adequate resolution. The 
result of these, and other difficulties (Walsh 1954) 
is that in practice much clinical electroencephalography 
depends upon amplitude and frequency alone. Even 
in published accounts there is commonly no mention 
of phase relationships. Many clinical studies would 
be rendered more valuable if these obstacles could be 
overcome. 


Initial studies were directed to ascertaining the 
extent to which phase reversals were being masked 
by the interaction of different rhythms. An 8 chan- 
nel electroencephalograph was used. Four channels 
were connected to a chain of 5 eleetrodes in bipolar 
fashion. The output of these 4 amplifiers was fed 
through 4 identical resonant filters to be displayed 
on the other 4 pens. The filters used chokes tuned 
by parallel condensers. The first instrument used 
massive chokes of 800 H., each weighed 32 Ibs. Later, 
however, by the use of high permeability cores, 
chokes of 5,000 H. were obtained that were of small 
dimensions (Messrs. Amos of Exeter). With paper 
condensers of up to 10 mfd. satisfactory coverage of 
even the slower delta waves could be obtained. To 
avoid damping the resonant circuits were fed through 
5 megohm resistors in pushpull fashion and similar 
connections took the output to the final EEG ampli- 
fiers. The Q was 6. At times with this system phase 
reversals were identified in the tuned channels that 
could not readily be seen in the orthodox recordings. 


It became apparent however that both for these 
studies and for the investigation of normal records 
an instrument was needed that would pick out the 
significant phase relationships automatically. With 
4 channels connected in bipolar fashion, 6 paired 
combinations must be considered. It was desirable 
therefore that the comparisons should be affected by 
simple circuitry. For this reason multiplication of 
the EEG signals (Barlow and Brazier 1954) was not 
attempted whilst the technique of squaring and adding 
(Goodwin and Stein 1948) was rejected as an arbi- 
trary procedure. A phase discriminator has been 
adopted that uses a double diode and few other com- 
ponents. The output depends upon the amplitude of 
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the features common to the two channels when they 
are compared in phase and in anti-phase. At first 
each of the 6 similar units fed a microammeter. De- 
flection of the needle to one side indicated that the 
signals were in phase, to the other side that the 
signals were in anti-phase. The results, although in- 
teresting, indicated that the full benefits of such a 
system could only be obtained from a permanent 
record. 

The device was therefore modified and now the 
output of the 6 units is fed to a motor driven switch 
and the charge that has accumulated in storage con- 
densers is read every 4 sec. The signals, after ampli- 
fication, feed an extra pen which thus shows a series 
of 6 pips in a given epoch. The deflections are 
upwards when the corresponding channels are in 
anti-phase, downwards when they are in phase. The 
size of the pips is weighted according to the size of 
the signals and also according to the consistency 
with which phase relationships are maintained. To 
this extent, the device uses the same criteria as does 
the electroencephalographer. The system has certain 
limitations, but it is not unduly complicated and, in 
practice, appears to be promising. 

To facilitate interpretation five of the pips come 
in a group, one after another, and compare channels 
1 and 2, 1 and 3, 2 and 3, 2 and 4, and 3 and 4, 
in that order. Thus, if the first pip is upwards, there 
is a phase reversal towards the front of the chain, 
whilst if the last pip of the series is upwards there 
is a phase reversal towards the rear. After the 
sequence of 5 pips there is a gap and the pulse cor- 
responding to channels 1 and 4 stands on its own. 
Such a comparison is useful when the electrical 
gradient reverses sign near the centre of the chain, 
but gathers amplitude towards the ends. 


One finding may be mentioned. Channels 1 and 
3, and 2 and 4 may be consistently out of phase 
whilst a comparison of adjacent channels shows little 
cross-correlation. Such a result would correspond to 
two current generators — closely placed but inde- 
pendent. 
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17. An electronic integrator for the automatic mea- 
surement of average tension in the EEG.1 — 
ZENON Drouocki, Hopital de la Pitié, Paris. 


The electronic integrator permits quantification 
and eoding of the EEG by transforming the signal 
into terms of the tension integral. This integral (I) 
recorded automatically and simultaneously with the 
EEG is expressed in the form of signals whose num- 
ber (N) in unit time (T) varies proportionately 
with the envelope of the original signal curve (S). 
In these conditions the average tension (m) — I/T 
= S/T = N/T. The apparatus transforms a com- 
plex curve into a series of simple signals, thus making 
the reading and interpretation of the records much 
simpler and more objective. In order to express the 


1 Patented in France Centre National de la 


Recherche Scientifique. 


by the 
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tension integral (I) for a given time (T) it is only 
necessary to count the number of signals (N) cor- 
responding to this time. To compare the average 
tensions m 1 and m 2 of two different EEGs it is 
enough to write down the ratios of the quantities 
N 1 and N 2 relating to a similar time T, for 
mil/m2-2=N1/T: N 2/T = N 1/N 2. This 
comparison is expressed in-an unequivocal and quan- 
titative form. When thus qualified the EEG can be 
subjected to all the procedures required for rigorous 
scientific analysis. 

The results obtained with this measure are in- 
dependent of the waveform and frequency of the 
phenomenon concerned; the minimum time for in- 
tegration is 1/400 sec., the maximum is unlimited. 
The measurement is made from the beginning to the 
end of the experiment with no return to zero. The 
application of this method to research permits, among 
other things, the quantitative appraisal of changes 
produced in the EEG by drugs. It is also possible 
to establish in an entirely objective way the numerical 
relation between EEG changes and any other phy- 
siological variable such as basal metabolism, temper- 
ature or blood sugar level. The method is well suited 
for measurement of the average tension of all electro- 
biological curves, the quantification of which has so 
far been fraught with almost insurmountable dif- 
ficulties. 


18. The constant of electrogenesis as a basis for the 
interpretation of the electrical activity of the 
brain. — ZENON Dronockt1, HO6pital de la Pitié, 
Paris. 


The average tension has been chosen as a basis 


for the quantification of the EEG. The measurements 
are made with the Electronic Integrator (Drohocki 
Integrator).1 Man and animal subjects have been 
systematically and repeatedly examined in order to 
work out the norms of quantitative electrogenesis for 
the brain. The measurements have been carried on 
continuously for an hour. The most striking fact to 
emerge in these conditions is the quantitative con- 
stancy of electrogenesis as observed over successive 
periods of a certain duration. The differences be- 
tween measurements made over successive periods of 
several seconds are quite large; these differences 
diminish as the period is increased to the order of 
tens of seconds and become scarcely perceptible for 
periods greater than 100 sec., disappearing altogether 
for periods of 200 to 300 see. Thus, when devised for 
a long enough period of observation the average ten- 
sion reaches a steady level characteristic of each sub- 
ject examined. 

This constant of electrogenesis can be studied 
with the full rigour of statistical analysis; in fact 
the statistical distribution of the measures for very 
Yong periods is always a normal one, characterised by 
a low variance as well as by an astonishing personal 
stability of the mode and the mean. The constant of 
electrogenesis, defined quite precisely, does seem to 
be a trustworthy and objective reflection of the elec- 
trical changes in the brain. Any modification of 
cerebral activity should be compared with the constant 
of electrogenesis and this comparison expressed in 
significant figures. In fact, basic alterations in the 
electrical activity of the brain are associated (ac- 


1 Patented in France by the Centre National de la 
Recherche Scientifique. 
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cording to whether it is a matter of increase or de- 
crease) with a displacement of the mode to the right 
or the left of the distribution curve. At the same 
time there can be seen significant changes in the 
mean. Thus any valid changes in electrogenesis pro- 
duced by physiological, pharmacological, or patho- 
logical agencies can be expressed in precise figures. 

This constant of electrogenesis, centred around 
an individually characteristic value, implies the exist- 
ence of a regulating mechanism similar to those 
which deal with other physiological phenomena such 
as temperature, basal metabolism, blood Ph, blood 
sugar, and the like. For example, it is possible to 
demonstrate quantitative changes in electrogenesis 
- a result of excitation, inhibition, hyperpnoea and 
sleep. 


19.A standard quantitative method for use in 
cerebral pharmacodynamics. — ZENON Dnro- 
HOCKI, H6pital de la Pitié, Paris. 


Quantification of the EEG by means of the 
Electronic Integrator (Drohocki Integrator) has per- 
mitted the development of a standard method of 
studying the pharmacodynamics of the brain. 


__The principle of the method, which is applied 
without variation to any substance which acts at the 
level of the brain, is as follows: some hours before 
the experiment, under a local anaesthetic, electrodes 
are screwed into the skull without piercing the inner 
table. In this way the duration of the experiment can 
be prolonged almost indefinitely. Then, with the 
animal wake, free to move and without any restraint 
by the apparatus, the EEG and the integral are 
recorded for half an hour. The constant of electro- 
genesis in the wakeful stage can then serve as a 
reference. The latter is worked out from the statistical 
distribution curve and its usual parameters: mean, 
median, variance and error. These data are derived 
from 1,800 measurements corresponding to the 1,800 
sec. of recording. After administration of the com- 
pound to be studied, the recording is continued with- 
out a break to the end of the experiment. The 
average tensions are extracted for convenient con- 
secutive periods chosen to be between 10 and 60 sec., 
and these are then compared with the reference value. 
This comparison is made by means of suitable statis- 
tical procedures, particularly by the t-test of Fisher 
which allows comparison of a large population 
(N = 1,800) with a small sample (N — 60). Since 
the numerical data for the calculations that have to 
be made are the same for the whole experiment — the 
only change being to the value of the integral — 
the final formulae are very simple. 


This procedure therefore has the double advantage 
of speed and accuracy. It is possible to work out 
with great rigour the quantitative variations in elec- 
trogenesis characteristic of the drugs under investiga- 
tion. In fact this procedure permits definition at 
every moment and in figures of: 


1. The total amount of electrogenesis. 
2. The sense of any change (increase, decrease, 
stable). 
3. The slope, that is, the rate of change between 
the points of measurement. 
4. The duration of any state. 
_To demonstrate these features there will be de- 
scribed the effects’ of: Cardiazol, amphetamine, cu- 
rare, urethane and Nembutal. 
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20. Personal remisiscences of Hans Berger. — 
Rupo_F LEMKE, Department of Psychiatry and 
Neurology, Friedrich Schiller University, Jena. 


Berger, for a long time physician superiutendent 
and later successor to Binswanger, was Professor of 
Neurology and Psychiatry in Jena from 1919 to 1938. 
In 1925, for the first time, he succeeded in obtaining 
brain potentials from man, but only in 1929, he 
writes, ‘‘after five years of silent work, disturbed 
by the many difficulties besetting a clinician, have 
I published my discovery’’. (Hans Berger: Das 
Elektroenkephalogramm des Menschen. Halle, 1938.) 

When I joined the Neurological Clinic as an 
assistant in 1931 probably no-one sensed Berger’s 
greatness nor the significance his name would assume 
in our discipline. In his day he had a reputation as 
an outstanding clinician and, especially, he was a 
fine judge of cerebral localisation of brain disorders. 
Amongst his~ fellows his work on physiology, the 
circulation, and the temperature of the brain was 
known, but few only knew of his electrical investiga. 
tions inthe ‘early days. Berger himself never talked 
about it without being asked: during the several 
semesters I had been his lecture assistant I never 
knew him to speak during his course on his own 
field of research. 

Only in 1931 did I hear him give a paper at a 
meeting of the Medical Society at Jena on his 
discovery, the EEG. I can well remember that the 
interest amongst his colleagues who listened to him 
was not very great. From the specialists in internal 
medicine there came on this occasion the objection 
that the electrical oscillations demonstrated were 
currents not from the brain, but from muscle. Sub- 
sequently, Berger occupied himself with this question 
and by means of a correction — as he himself wrote 
— he amended his error. 


From the year 1933 onwards, I was permitted to 
help Berger with his electrical brain investigations 
by taking photographs of the traces. The apparatus 
was not easily worked; we used an oscillograph by 
Siemens, a highly sensitive instrument, usually con- 
nected to a coil galvanometer, for our representation 
of the EEG. The traces were recorded by photo- 
graphy. In a darkened room next door, on a com- 
fortable examination couch, lay the patient and 
Berger made his observations, communicating with 
us by visual signals about the commencement of his 
tests, about absences and the like. His method of 
investigation, compared with present day ones, was 
rather primitive. We were happy if we obtained as 
much as 3ft. of useful graph from a patient in 
those days and often enough the experiment failed. 
It must arouse our admiration that Berger, with such 
simple equipment, found all the basic patterns of the 
EEG, recognised them, and interpreted them cor- 
rectly. 

The lectures which Berger gave each year on his 
researches to the Medical Society of Jena found no 
greater appreciation as time went on,.and he often 
became discouraged; in 1934, at the meeting of 
German Neurologists and Psychiatrists he reported 
on the EEG, at Munster, and there too he did not 
arouse the interest he had expected. 


Berger was all the happier with the agreement 
and interest abroad; Adrian and Matthews at Cam- 
bridge, Grey Walter in London, and Davis, Gibbs, 
Harvey and Dusser de Barenne in the United States 
wrote appreciative letters and took an active interest 
in his work. Some of these visited us before the war. 
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In 1937 Berger had the honour of receiving in- 
vitations to read papers to the International Psy- 
chological Congress in Paris and in Bologna on the 
occasion of the Galvani Memorial Celebrations; the 
papers occupied his mind much and the notes for 
them are still in our archives. Shortly before the 
beginning of the war he was invited to give a series 
of lectures in the U.S.A. Twice Berger had been 
proposed for the Nobel Prize; once immediately 
before the war, when the Hitler regime prevented 
him from accepting this honour, and again after the 
war there came an enquiry, but Berger had died. 

Berger was no adherent of Hitler and so, at the 
age of sixty-five, he had to relinquish the service of 
his University; not having expected this, he was 
gravely hurt, all the more as he had great plans for 
work. For him, a trying time had begun. He had 
predicted the impending troubled events to me in 
private conversation before the war. 

The loss of his place of work, the lack of any 
possibility of continuing his EEG researches (at this 
time he instructed me to take up his work once again) 
and the events of the day, bestowed upon him a 
depression which finally killed him. I was able to 
obtain a death mask. 


21. The EEG during hypothermia in paralysed cats. 
(Cortical and subcortical changes, electrical re- 
sponses to auditory stimuli and convulsive dis.’ 
charges). — M. Jouvet, O. BENnorrt, J. Courjon 
and M. Tancne, Neurophysiological Section, 
Laboratory of Physiology, Lyon. 


1. Experiments were performed on kittens paral- 
ysed with Flaxedil and artificially ventilated. Cortical 
and subcortical activity was recorded with an EEG 
machine. Lowering of the body temperature was 
procured by an ice bag. The temperature of the body 
was measured with a rectal thermometer. It was 
possible to obtain temperatures under 10°C. 

2. The electrocortical and _ subcortical activity 
during cooling can be classified in three phases: 

(a) From the normal temperature to about 25°C, 
alternation of normal high voltage fast activity, and 
spindles at 10 ¢/sec. 

(6) From 25°C to about 15°C, paroxysmal activ- 
ity at 14-16 ¢/sec., alternating with high voltage slow 
spindles at 5 ¢c/see. 

(c) From 15°C to 8°C, low voltage slow activity. 

3. Electrical responses to auditory stimuli show 
an increase and spatial spread of cortical responses 
with spike and wave patterns and slow afterdischarges. 
These are quite a secondary response. 

Auditory responses disappeared at 22°C in the 
specific guditory pathways, earlier in the non-specific 
pathways (reticular formation). 

4, Constantly, at about 17°C spontaneous spike- 
and-wave patterns appeared, synchronously and _ bi- 
laterally. Epileptic seizures occurred then. 

5. The significance of these findings, particularly 
the role of epinephrine and homeostatic mechanisms 
are briefly discussed. 


22. The action of Reserpine on the EEG of the 
rabbit. — P. Gonnarp, H. Scumirr and S. 
NECHTSCHEIN, Laboratoire d’EEG, Maison Dé. 
partementale de Nanterre, Seine. 


Reserpine, unlike barbiturates, and in spite of 
its sedative action (Bein 1953) does not antagonise 
the action of convulsants but, on the contrary, seems 
to assist it. The effect of this compound on the elec- 
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trical activity of the cortex has been studied in 


various ways. According to Monroe and his collabora- 
tors it produces in man a record like that of natural 
sleep. Rinaldi and Himwich find that in curarised 
animals, the magnitude of the blocking responses is 
increased; there would thus seem to be a discrepancy 
between the EEG and the tranquillising effect on 
behaviour. 

Longo and Napolitano obtained a diphasie action 
in the curarised rabbit; first, 20 to 30 min. after 
injection of the alkaloid there was desynchronisation 
of the EEG and prolongation of the blocking reac- 
tions, then, one or two hours after the injection, slow 
waves appeared, while the blocking reaction was sup- 
pressed. 

These contradictory results suggested that it would 
be worth studying wakeful and uncurarised rabbits 
so as to be able to compare the behaviour of the 
animals with the EEG. After making 4 holes and 
fixing electrodes in them under ether, the rabbits 
were left to come round. The experiment was begun 
one hour after; the animal was put into a special 
box with a hole for the head to protrude from, so 
that the movements were restrained as much as pos- 
sible without upsetting the results too greatly. 

We have confirmed the existence of the two 
phases described by Longo and Napolitano. In the 
first place the spontaneous record is activated and 
there is protraction of the blocking reactions in- 
duced by sensory and chemical stimuli; one hour after 
the injection large slow waves appear. At the same 
time the blocking reactions are diminished and ab- 
breviated. During the activation phase the animal 


stays awake; however, the motor responses to stimuli 


are reduced in spite of the intensity of the blocking 
reactions. With the appearance of the slow waves 
clinical sedation becomes quite obvious; the animal 
is ataxic, lies on its side and goes into a state of 
easily reversible torpor. 

If amphetamine is exhibited during the sedation 
phase, it acts as a powerful antagonist to Reserpine, 
awakening the animal and desynchronising the record. 

Reserpine does not abolish the clinical and elec- 
trical seizures produced by Metrazol, but it does 
control convulsions due to caffeine. None the less, 
caffeine in convulsant doses does desynchronise the 
record. 

Reserpine would seem to be a drug which acts on 
the ascending activating system of the brain stem, 
which it first excites and then inhibits. In this it 
differs from chlorpromazine since the sedative action 
is only a secondary one. 

The drug is comparable with barbiturates and 
other general anaesthetics in its diphasic action; it 
is distinct from them in the extent of the activation 
phase and by the fact that it does not induce deep 
sleep, nor marked inhibition of the action of excit- 
atory drugs on the nervous system. 


23. The electroencephalogram of circumscribed cer- 
ebral lesions under Pentothal sensitisation and 
pharmacodynamic cortico-subcortical explora- 
tion. — J. SCHNEIDER and D. G. THOMALSKE, 
Laboratoire d’EEG, Hépital Pasteur, Colmar. 
The aim of this paper is: 

1. To deseribe certain of the Pentothal induced 
neurophysiological mechanisms which give rise to: 
(a) The electrographic fast activities stage (an- 
esthetic induction stage), 
(b) To the stage of the K-complex and second- 
ary discharge. 


2. To put into evidence the disturbances of these 
electrographic stages which may oceur under the in- 
fluence of various cerebral diseases — especially neo- 
plastic affections — the cortical or, sub-cortical lo- 
calization being determined by operation, autopsy or 
by the usual neurosurgical techniques. 

3. To analyse, based upon these electro-clinical 
data in man, the neuronal systems used: 

(a) By the ascending reticular impulses which 

evoke the fast electrographic activities. 

(6) By the corticipetal impulses which elicit the 

K-complex. 

4. To illustrate, with these data, the part played 
by a pharmacodynamic exploration for a more precise 
— of a delimited cortical or subcortical 
esion. 


24. The electroencephalogram in barbiturate addic- 
tion during withdrawal. — M. Herter Wutrr, 
St. Hans Hospital, Copenhagen. 


Electroencephalograms were obtained from 87 
patients during 96 admissions to psychiatric division 
of the University hospital because of barbiturate 
addiction. Medication was withheld during hospitaliza- 
tion. The findings during withdrawal — the electro- 
encephalograms, barbiturate blood levels and clinical 
status are presented. 

The electroencephalograms were obtained within 
the first few days of admission and repeated once or 
twice a week until they had returned to normal or 
showed no further change. Eight scalp electrodes were 
used and both scalp-to-ear and scalp-to-sealp record- 
ings obtained on a Kaiser 6-channel electroencephalo- 
graph. The 30 min. recording included 3 min. of 
hyperventilation and 5 min. of photic stimulation 
(Alvar stroboscope) with eyes closed and open at 
rates between 2 and 50 per sec. Blood barbiturates 
were determined by means of their specific ultra- 
violet absorption spectra. (Lous, P. Acta pharmacol. 
toxicol, 1950, 6: 227). 

The patient material consisted of 29 men and 58 
women two thirds between 30 and 50 years of age. 
The barbiturates taken were short acting (56 pa- 
tients), long acting (11 patients) and mixed or un- 
known (29 patients). The fall in blood barbiturate 
of the short acting drugs (aprobarbital, amobarbital) 
was 25-60 per cent and for the long acting drugs 
(barbital, phenobarbital) 12-27 per cent per 24 hour 
period. The initial blood barbiturate concentration 
average 5 mg. per cent (3-10 mg. per cent). 


Severe Withdrawal Symptoms (convulsions and 
psychosis) appeared only in patients addicted to 
short acting and mixed barbiturates. Of the 85 pa- 
tients in this group 13 developed convulsions, 5 psy- 
chosis and 16 both convulsions and psychosis. These 
symptoms developed at a time when the barbiturate 
blood level had fallen to 0-1 mg. per cent, usually on 
the fourth to sixth day after withdrawal. The con- 
vulsions were usually single and were not treated 
with medication. The psychosis lasted on the average 
4-6 days (in one case 3 weeks) when not treated. 

A family history of epilepsy was obtained in 
12 per cent of 43 patients without withdrawal con- 
vulsions and in 20 per cent of 29 patients with with- 
drawal convulsions. In the latter group only two 
had a history suggestive of epilepsy although an 
additional 17 had had convulsive episodes most pro- 
bably in relation to barbiturate withdrawal. Of the 
patients without withdrawal convulsions two had a 
history of epilepsy. 
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The first EEG taken when the blood barbiturate 
level was high, was abnormal in 24 of 42 patients; 
13 showed fast and 9 slow activity in the resting 
record; this distribution was the same in long and 
short acting barbiturate addiction. Paroxysmal ab- 
normalities appeared only in patients addicted to 
short acting or mixed barbiturates (with the excep- 
tion of two epileptic patients: in two patients in the 
resting record and in a fifth of the patients during 
photic stimulation. 


The maximal incidence of paroxysmal abnormal- 
ities was on the fourth to sixth day after withdrawal: 
in 17 per cent of 85 patients in the resting record and 
in 62 per cent of 81 patients during photic stim- 
ulation. The paroxysmal abnormalities lasted usually 
two weeks (8 weeks at the most). 


As to clinical and eleetroencephalographic cor- 
relation, of 29 patients with withdrawal convulsions, 
23 had paroxysmal EEG abnormalities. Of 56 patients 
without withdrawal convulsions, 30 had paroxysmal 
abnormalities. 


It seems probable that it is the rapidity of 
excretion rather than the type of medication which 
is responsible for the incidence of clinical and EEG 
withdrawal phenomena. 


This view is supported by the findings in a 
patient with bromide intoxication whose blood bro- 
mide level was brought from 236 mg. per cent to 
36 mg. per cent in the course of two hours through an 
artificial kidney. She developed paroxysmal EEG 
changes on photic stimulation, otherwise unusual dur- 
ing bromide withdrawal. 


That even small doses of amobarbital can pro- 
duce paroxysmal EEG changes on withdrawal is in- 
dicated by seven non-addicted patients who received 
0.8 g. daily for two weeks. Three of these had 
paroxysmal changes on photic stimulation in the 
withdrawal period. 


In summary, electroencephalographic abnormalities 
were more common than clinical symptoms in the 
period of withdrawal in barbiturate addiction. The 
abnormalities were most,frequent on the fourth to 
sixth day after withdrawal and manifested themselves 
as paroxysmal abnormalities during photic stimula- 
tion (62 per cent). Both clinical symptoms and 
EEG abnormalities appeared almost exclusively in 
patients addicted to short acting barbiturates. 


25. Comparative effects of Metrazol and Megimide 
in activation of epileptic patients. — JEAN CourR- 
JON and HétENE BONNET, EEG Laboratory, 
Edouard Herriot Hospital, Lyon. 


The recent paper of Delay et al. at the French 
Society of Neurology stimulated us to compare the 
action of these drugs on the same patient. 


Each patient received one injection of Metrazol 
according to Gastaut’s technique (50 mg. every 30 
sec.), and the next day an injection of Megimide 
under the same conditions, first one cc. per 10 kg., 
then one ce. every 15 sec. A short photic stimulation 
was performed 3 sec. after the injection of each. 

The effects of megimide are very often com- 
parable to those of Metrazol: there is the same type 
of abnormality and the same topographical distribu- 
tion. 

Megimide is not always as efficient as Metrazol: 
in three cases no effect was observed. 

Less often abnormalities with Megimide are more 
localised, producing a better ‘‘activation’’. 
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No seizure was induced by Megimide; Metrazol 
activation produced two clinical fits. 

Megimide was always well tolerated; very fre- 
quently unpleasant vegetative side-effects were ob- 
served after Metrazol. 

This new activation method seems to us very 
interesting. This study is to be continued. 


26. Comparison of EEG “activation’’ by penta- 
methylenetetrazol (Metrazol) and Bemegride 
(Megimide). — G. DrossorouLo, H. Gastaut, 
G. and J. VERDEAUX and E. SCHULLER, Faculté 
de Médecine, Marseille. 


Bemegride was suggested as an EEG activator by 
Delay, Schuller, Drossopoulo, Haim, G. and J. Ver- 
deaux in February 1956. Assuming that its mode of 
action differs little from that of Metrazol and in 
order to compare the two, it was decided to follow 
up the study of the drug in the central EEG Labora- 
tory of the Marseille Hospitals which have specialised 
in Metrazol activation. 


Three groups of patients have been activated; one 
by Bemegride, one by Metrazol, a third by both com- 
pounds. Most of these patients were epileptics, but 
other neurological and psychiatric patients were in- 
cluded. All the records were then compared and the 
following conclusions were drawn: 


' 1. Bemegride modifies the EEG in the same sense 
as Metrazol. 


A. The drug evokes in all subjects, normal or 
abnormal, changes of two types, 

(i) Progressive modifications in the form of 

slow bilateral synchronous activity. 

(ii) Paroxysmal modifications in the form of 
bi-synchronous multiple spikes and waves, 
either spontaneous or provoked by flicker, 
liable to end in the development of a gen- 
eralised epileptic discharge. 


B. In subjects with cerebral disorder it causes 
the appearance of changes which are never seen in 
normal subjects: 


(i) Bisynchronous discharges of rhythmic 3 ¢/sec. 
spikes and waves. 

(ji) Focal discharges of spikes, slow waves, or 
spikes and waves: sporadic discharges, un- 
accompanied by clinical symptoms (inter- 
seizure discharges) or rhythmic discharges 
accompanied by partial epileptic seizures 
(seizure discharges). 


2. Bemegride injected intravenously in 0.5 per 
cent solution changes the EEG much more slowly and 
progressively than Metrazol in the same concentration. 
As a general rule rather more than twice as much 
Bemegride, injected in the same time, must be 
used to obtain equivalent effects. 


3. Activation by Bemegride is easier for the pa- 
tient to bear than by Metrazol, for it has few dis- 
agreeable subjective side-effects during the test and 
after it, even when a seizure has been provoked. It 
is more useful for the physician, since the KEG 
changes produced are less abrupt and the partial 
seizures that may be set off are less liable to become 
generalised. From the clinical standpoint, the seizures 
evoked by Bemegride, like those due to Metrazol, 
closely resemble the spontaneous ones in any parti- 
cular patient, but the resemblance is even closer than 
with Metrazol which often tends to truncate the 


onset of the attack, particularly the subjective fea- 
tures. 


4. There is some reason, therefore, for replacing 
Metrazol with Bemegride as an EEG activator; all the 
more because the compound is physiological, is quickly 
excreted and can be neutralised almost immediately 
by an injection of barbiturate. Of course, the me- 
thod of activation is at the discretion of the physi- 
cian who may study, according to his principles, or 
the requirements of his investigation: 


(i) Either the first progressive non-specific ab- 
normalities (threshold studies as described 
by Ziskind and Bercel). 
Or, the first non-specific paroxysmal ab- 
normalities, either spontaneous or evoked by 
flicker (threshold test), the photomyoclonic 
effect as elaborated by Rémond and Gastaut, 
(iii) Or again the specific inter-seizure abnormal- 
ities (focus study). ee 
(iv) Or lastly the specific seizure abnormalities 
(seizure study, to compare the clinical and 
EEG manifestations). 


(ii) 


27. The effects on the EEG of Centropneine. — D. 
SANTENOISE and C. SZALEWSKA, Centre de Biolo- 
gie Thermo-Climatique, Paris. 


Lengthy research has resulted in the isolation of 
a panereatic hormone which has the specific effect 
of regulating the respiratory centres; this has been 
given the name Centropneine. 

Administration of this hormone in man, dog, 
guinea pig and rabbit is followed by an increase in 
the sensitivity of the respiratory centres to CO, and 
a lowering of the CO, level of the blood. 

In subjects with damaged respiratory centres the 
respiratory deficit is increased following administra- 
tion of Centropneine. 

A. Since the administration of this hormone to 
asthmatics for a long enough period is followed by 
relief, spacing out and even disappearance of the at- 
tacks, it was thought worth while to study the action 
of Centropneine on the abnormal EEG records shown 
by some asthmatics. 

In 14 asthmatics the following facts were ob- 
served: 

1. In asthmatics with a normal EEG, the record 
is not affected by Centropneine. 

2. In asthmatics with an abnormal EEG, mostly 
of the dysrhythmice type, the record becomes 
much more stable after injection of Centrop- 
neine, alpha waves have been found to appear. 

B. We wondered whether the powerful ventilating 
action provoked by the injection of Centropneine 
might not involve, as in the hyperpnoea test, the ap- 
pearance of pathological patterns in some subjects. 

We have thus been able to show a close parallelism 
between the reaction to hyperpnoea and those to Cen- 
tropneine. 


28. The use of chlorpromazine as an activating 
agent. — GALATEA Lyseri and S. L. Last, EEG 
Department, London Hospital, London. 


Our interest in the use of chlorpromazine as an 
activator was aroused by a chance observation. When 
examining patients with sphenoidal electrodes, chlor- 
promazine was given on a few occasions to keep 
the patient quiet. It seemed to us as if this were 
particularly effective in increasing abnormality, which 
had been present to a lesser degree, or not at all, 
in the resting record. 

This study deals with a small number of cases — 
27 —whose ages vary from 8 to 50: 2 of these 
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cases were patients in whom a tumour was found, one 
a glioma and the other a meningioma. In 7 cases 
the existence of atrophy or a porencephalic cyst was 
established by biopsy or air encephalogram. Seven 
other cases had either clinical evidence or cortigraphic 
evidence of the temporal lobe type of epilepsy. In 
13 cases a comparison with Seconal was made. In 
most of them the activating effect was as good, or 
better, than that of Seconal and in only one or two 
was the effect rather less than with Seconal. 

Chlorpromazine was given intravenously. The 
usual dose for an adult was 25 mgm. and for children 
15 mgm. The following effects could be seen: 

1. In some cases sharp waves or spikes appeared 
under the influence of chlorpromazine, where they had 
not been present in the resting record. There were 
other cases where sharp waves had been present be- 
fore and where chlorpromazine made them sharper, 
ice. lessened their duration. 


2. Three effects of the theta activity were seen: 

(i) The frequency was sometimes lowered, the 
activity becoming slower than it had been in 
the control record; 

(ii) the voltage was sometimes increased, and 

(i111) it was noticed that in some cases the theta 

activity became more localised. 

3. Beta activity did not appear in the generalised 
way in which it does following Seconal or other barbi- 
turates, but appeared one-sided and occurred on the 
side of the lesion; in other words, it was a positive 
localising sign, not a negative sign as it often is 
with Seconal, where its absence is often noted on the 
affected side. It sometimes occurred in a compara- 
tively small area, and in one case it was later con- 
firmed by an electrocorticogram that a corresponding 
area of the cortex was atrophic and showed beta 
activity. 

4. A more curious effect consists of the appear- 
ance of rhythmic 14 e¢/sec. activity. It occurs in 
short runs and is of low voltage. The frequency makes 
one think of the spindles occurring in spontaneous or 
induced sleep but the activity described above does 
not show the waxing and waning that gives the 
spindles their characteristic appearance. They start 
rather suddenly and finish equally suddenly. 

5. In one ease interesting complexes appeared, 
which had not been present in the resting record. 
These consisted of groups of spikes, followed by one 
slow wave component. These complexes were well 
localised in an area where later cortical atrophy was 
confirmed by air study. 

An interesting feature of the chlorpromazine effect 
is that it takes some time to establish itself. As a 
rule the maximum effect occurs after 45 min. to an 
hour but sometimes it had already started after 25 
min., and the effect was often prolonged — sometimes 
it lasted up to 2 hours. 

In this study we have confined ourselves to cases 
where a localised lesion was suspected and in this 
we differ from Turner, Berard, Turner and Franco. 

We have found that in our material 19 out of the 
27 cases gave a useful result: by useful we mean 
that it either showed local abnormality which was not 
present before or enhanced an abnormality which could 
ve seen less distinctly in the resting record. 

It will be interesting to speculate on the mode of 
action of chlorpromazine but little can be said about 
it, except that it is almost certain to be a central 
effect. There is some evidence that chlorpromazine 
acts on subcortical structures, possibly on the reticular 
formation, which at the moment seems to be blamed 
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for most electroencephalographie findings. A good 
deal of further research will have to be done before 
any such assumption can be regarded as proved. 
To sum up, it seems to us justified to use chlor- 
promazine in trying to establish local abnormality. 


29. The effect of intravenous chlorpromazine on the 
EEG of epileptic patients. — W, FABIsCH, 
Mapperley Hospital, Nottingham. 


This investigation was started because seizures 
were reported in the literature to occur after chlor- 
promazine in epileptics previously stabilized with anti- 
convulsants and free from fits. 


Material and Methods 


(a) Epileptic patients whose EEG characteristics 
were known (with the sole exception of one child) 
were selected from both a mental hospital and an 
out-patient clinic. They were grouped as follows: 

1. Those with grossly abnormal records (20 cases). 

2. Those with fairly normal inter-seizure records 
(20 cases). 

Members of the two groups were as far as 
possible paired for the trial. 

(b) A control group of patients from the hos- 
pital excluding any cases with fits, head-injuries, 
brain surgery, recent administration of ‘‘tranquilliz- 
ing’’ drugs, and electric convulsive treatment for at 
least 4 months. This group included 20 patients 
with the following diagnoses: psychoneurotics, un- 
stable personalities, early young schizophrenics and 
middle aged paraphrenics. 

(c) A solution of 25 mg. chlorpromazine in 10 ee. 
of saline was prepared and injected intravenously at 
a rate of 2.5 mg. per 1-1% min. up to a maximum 
of 0.3-0.5 mg. per kg. body-weight. Control EEG’s, 
including overbreathing and photic stimulation were 
taken, after which the drug was injected and the 
EEG continued over the following 35-40 min. 


Results 


Controls: After about 15 min. there is a general 
decrease in amplitude accompanied by drowsiness. Fre- 
quencies decrease, first over the posterior parts (e.g. 
alpha activity drops from 10-11 ¢/see. to 8-9 ¢/sec.) 
5-7 ¢/sec. activity becomes more prominent and spreads 
from the posterior parts to the intermastoid plane and 
sometimes further forward. Three-4 ¢/sec. lambda 
waves appear. After 20-30 min. there is further 
flattening of the EEG. On spontaneous stirring, after 
noises, touching of the skin, turning on the light in 
the room, faster activity of higher amplitude re- 
turns for a few seconds or there are more typical 
K-eomplexes. At the end of the recording, the 
patient usually falls asleep for about half an hour. 

Epileptics with fairly regular inter-seizure re- 
cordings: In all except one the picture was essentially 
the same as described above. One patient showed bi- 
lateral posterior temporo-parietal low amplitude sharp 
waves (or spikes) in runs lasting several minutes. 

Epileptics with usually abnormal recordings: In 
2 patients no abnormal features were seen after in- 
jection. One had shown a short classical petit mal 
burst during overbreathing, the other right sided 
parietal spikes for about 3 sec. also during over- 
breathing. In the remaining 18, the following changes 
were observed: 

(a) The abnormal features occurred for more pro- 
longed periods. 

(6b) The abnormal features occurred more fre- 
quently. 
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(c) The abnormal wave forms increased in am- 
plitude against a flatter background. 

(d) Asymmetries became more conspicuous. 

(e) Acoustic and tactile stimuli caused in some 
cases an increase of the abnormal activity, appa- 
rently related to changes in the depth of sleep. As 
a rule several of these changes were seen in one single 
case. 


Discussion : 


The findings show that intravenous chlorproma- 
zine in doses of 0.3-0.56 mg. per kg. body weight 
can cause increased paroxysmal cerebral activity in 
unstable interseizure EEG’s of epileptics. No con- 
vulsive seizures were observed in this series. How- 
ever, in some of the patients with generalized ab- 
normalities (petit mal pattern and multiple spike 
and slow wave discharges) changes in the rhythm of 
breathing and apparently involuntary opening of 
the eyes suggested alterations of consciousness. The 
findings make it probable that, with higher and 
more sustained doses of chlorpromazine combined 
with reduction of the usual anti-convulsant when re- 
liance is placed on the ‘‘tranquillizing’’ effect of 
chlorpromazine, convulsive seizures should occur more 
frequently. 


30. Behaviour and EEG changes in ‘‘Parkinsonian”’ 
states induced by prolonged treatment with 
chlorpromazine and Reserpine. — F. FLuGeEt, D. 
BENTE and T. It11, Universitats-Nervenklinik Er- 
langen, Germany. 


By prolonged treatment with a combination of 
chlorpromazine and Reserpine, we were able to induce 
a ‘‘Parkinsonian’’ state in psychotic patients. _ This 
has proved to be a very effective therapy in other- 
wise resistent cases, more so than the usual thera- 
peutic methods. For this reason, we have applied it 
systematically to a large group of psychotic patients; 
115 cases have been statistically analysed to date. In 
77 per cent of these cases, a pronounced ‘‘ Parkinso- 
nian’’ state could be noted; in 19 per cent, the syn- 
drome was less well-defined. In only 4 per cent no 
significant reaction was observed. 


This state (akinetic-aboulic syndrome), which is 
usually preceded by a shorter or longer transition 
period of restlessness, is characterised by behavioural 
changes ranging from decreased spontaneous activity 
over states of extreme passivity to catalepsy. There 
is a shift in the balance of autonomic functions, and 
the cyclical alternation of sleep and wakefulness is 
disturbed. Although all reactions are excessively 
slow, we observe no dissolution of intellectual fune- 
tions (behaviour, performance tests). 

In connection with these modifications of be- 
haviour, we find marked electroencephalographic 
changes. These are produced by the synergic in- 
teraction of the effects of chlorpromazine and Re- 
serpine. As we have described elsewhere more exten- 
sively, long term medication of chlorpromazine leads 
to synchronisation, regularisation and stabilisation of 
electrical activity. Prolonged high dosage treatment 
with Reserpine, however, has considerable slowing ef- 
fects (especially over the fronto-central areas) and 
may even produce slow delta activity. The com- 
binations of both medicaments results in char- 
acteristic patterns of steady synchronous slow activity. 
Blocking reactions to psychosensory stimulation are 
frequently attentuated or abolished. The extent to 
which these changes in the EEG occur depends on 
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the basie electrical activity which was characteristic 
for each patient before the beginning of treatment. 
Especially EEG’s with rapid background activity 
and a tendency to desynchronisation show a relatively 
high resistance towards the drug-induced alterations. 


The EEG findings described above seem to in- 
dicate a considerable lowering of the level of central 
activity which might result from a decrease of the 
activating impulses transmitted by the diffuse non- 
specific projection system. 

The clinical syndrome, i.e. inhibition of psycho- 
motor activity, decrease of vigilance and diminished 
reactivity to external and internal stimuli, can also 
be seen in accordance with such an interpretation. 
The mechanism involved here seems to be a funda- 
mental factor in the therapy of ‘‘endogenous’’ psy- 
choses. 
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31. An alpha correlate to behaviour changes pro- 
duced in psychotics by intraventricular injec- 
tions. — J. P. FARRELL and S. L. SHERWOOD, 
Severalls Hospital, Colchester, Essex. 


Some effects on the EEG of psychotics treated 
by intraventricular injections of cholinesterase (ChE), 
Serotonin, banthine and some other drugs, detectable 
by routine examination of the records, have been re- 
ported elsewhere (Proc. Roy. Soc. Med., 1955, 48: 
855-863) 30 patients have been treated by this method 
to date, the majority being schizophrenics with cata- 
tonic features. Before this treatment their records 
were either arhythmic and of low voltage, or they 
showed a variety of rhythms within the beta, theta 
and alpha bands and, some, also repetitive complexes. 
The present paper deals only with the changes of 
alpha characteristics, for the patients’ mental state 
appeared more closely related to these than to other 
features of the EEG. 

The records of 7 cases recently observed and 
treated were examined by a method intended to pro- 
vide a measure of the changes in the alpha band 
without the use of an analyser which we still lack. 
Amplitude, frequency and distribution were each 
known to change with the mental state. It was there- 
fore thought desirable to use ‘‘performance’’ in a 
given place as an appropriate function of the data 
obtained. In any one of the 7 to over 50 records 
obtained from each of the 7 patients, 3 derivations — 
longitudinal and transverse occipital, and transverse 
temporal — were analysed in the following way: an 
upper and lower tangent were applied to the highest 
alpha waves of a sequence of 10 successive waves, the 
sequence of highest amplitude having been chosen from 
a run of not less than 5 min. The distance A be- 
tween the levels of the midpoints of the 2 tangents 
is measured and divided by the length of the ten- 
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wave sequence and multiplied by the frequency. Thus 
A 

os ig x F was taken as the expression of the 
best sataieinaiuen in a given run. The behaviour was 
assessed clinically taking into account the patients 
reactivity and the relevance of the reactions. This 
was charted in 5 arbitrary units, 1 denoting cata- 
tonic stupor and 5 approach to normal even if such 
reactions were simple and childish. The data so ob- 
tained were plotted for each case over the varying 
periods of weeks, months and years, with and with- 
out treatment. 


The results are as follows: 


ChE : There was a rise alpha performance in the 
occipital regions in all cases with a single exception 
(this patient was not a schizophrenic, and had a 
leucotomy 8 years earlier), and there is no such rise 
or a fall in the temporal regions; these changes are 
commensurate with the mental changes. Alpha fre- 
quency dropped in all cases except one or changed 
in such a way that the figures were close to one 
another; never was there a rise in the figures of the 
temporal regions, and the improvement was related to 
the congruity of the frequencies measured. 

Serotonin: There was usually a rise in per- 
formance (following a transient fall immediately 
after injection) and also in frequency, including the 
temporal and occipito-temporal regions. Behaviour 
was characterised by a marked increase of reactivity 
but not of relevance; small and widely spaced doses 
ce a more beneficial effect than larger or frequent 

oses. 

Banthine : Only 2 cases in this group have been 
analysed: where there was a rise of performance in 
the longitudinal occipital traces only and a fall in the 
others, behaviour improvement was greater than in 
the case where the transverse occipital attained the 
highest performance. This latter case showed a fall, 
the former a rise in frequency of the occipital and a 
fall in the temporal regions. 

In conclusion, the degree of improvement of a 
patients behaviour, with intraventricular injections, is 
reflected or preceded by changes in the alpha rhythm 
with respect to (1) frequency, which should uniform, 
and certainly not higher in the temporal regions than 
elsewhere, for mental well-being; this associated also 
with (2) performance which should be higher in the 
occipital than in the temporal regions, 

As yet it is impossible to predict with certainty 
which drug would suit a given patient best, but 
there is no doubt that the beneficial effects of ChE 
are greater than those of banthine, and that Serotonin 
in small doses may somewhat improve but in large 
or continued doses aggravate i It is hoped 
that with instrumental analysis more, and more pre- 
cise information will be obtained. It is important 
to realize that we are dealing with phenomena in 
time and timing, so that changes are of greater 
importance than states. 


32. The EEG as a means of appraisal of new anti- 
convulsant drugs with particular reference to 
acetazolamide (Diamox). — R. A. H. Morison, 
W. Grey Watter, A. L. Winter, Burden Neu- 
rological Institute, Bristol. 

The lack of resourees for large scale statistical 
studies of new anti-epileptic drugs makes it desirable 
that small seale investigations be carried out with as 
much accuracy and detail as possible. This paper 
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deals briefly with one such pilot experiment, carried 
out early in 1956, where the evaluation of Acetazol- 
amide in the control of petit mal cases was undertaken 
at the Burden Neurological Institute. 

A method of evaluation of drugs for the control 
of major epilepsy is being worked out, but will un- 
doubtedly raise fresh difficulties as certain hazards 
are present which did not concern us in the current 
survey. For example, in dealing with minor epilepsy 
it is possible to stop all the patient’s medication for 
a few days and exhibit a new drug from zero. This 
could not be done with major epileptics without run- 
ning the serious risk of precipitating status epil- 
epticus. 

The method used entailed careful selection of 
suitable cases from a large outpatient clinic at the 
B.N.I. The cases chosen were required to meet the 
following criteria: 

1. They must show clearly defined clinical ev- 
idence of petit mal — objective signs such as head- 
shaking or obvious fixation of posture during each 
minor attack. 

2. The attacks must be associated with a well 
marked classical wave-and-spike pattern on the EEG. 


3. The patients should be subjectively aware of 
their attacks so that they can keep a record of the 
number per day. 

4, They should not have many major attacks. 

Out of several minor epileptics admitted for re- 
search purposes, 3 were found to meet the above 
criteria and were chosen for a-4 week detailed study. 
The co-operation of the patients was encouraged 
throughout the experiment. This was found to be of 
considerable value in assessing certain phenomena such 
as side effects, the patients being quite unaware that 
placebo control tablets were used on occasions. 


Regular EEG recordings were made throughout 
the test period, covering each change of drugs. These 
were combined with objective clinical data and sub- 
jective findings as noted by the patient in a diary, 
where note was also made of the number of minor 
attacks and any emotional disturbance. 


In general, the profusion of seizure patterns in 
the EEG followed closely the clinical and subjective 
report of seizure incidence. In subject (R) there was 
a dramatic disappearance of seizure patterns two 
hours after the exhibition of acetazolamide. The inter- 
seizure records were less clearly correlated with clin- 
ical and subjective data. In case (P) the records 
became ‘‘normal’’ during combined administration 
of acetazolamide and phenobarbitone. In case (K), 
where the interseizure records were more grossly ab- 
normal, the basic pattern remained abnormal even 
during periods of marked clinical improvement. 


The EEG observations suggest firstly, an adjuvant 
relation between acetazolamide and other anticon- 
vulsants and secondly, the existence of adaptive or 
differentiating mechanisms such that the adjuvant 
properties of acetazolamide tend to wear off in the 
course of days or weeks (R): the efficacy can some- 
times be restored by withdrawal and subsequent re- 
administration of the drug. 

(The Authors gratefully acknowledge permission 
granted by Professor Golla to select the cases from 
his extensive epileptic clinic. Our thanks are due to 
Lederle Laboratories for generous supplies of acetazol- 
amide (Diamox). 
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33. Mephenesin and myoclonic epilepsy. — J. H. D. 
Miutrar, Royal Victoria Hospital, Belfast. 


Eight patients suffering from progressive myo- 
clonic epilepsy were described recently (Harriman 
and Millar, Brain, 1955, 78: 325). Three brothers 
were treated with Mephenesin as described by Kelly 
and Laurence, (B.M.J., 1955, 1: 456). One has im- 
proved considerably and the ‘effect on the EEG of 
a 1 per cent solution was dramatic. The myoclonus 
probably originates from a discharging centre in 
the brain stem (Haguenan et al., 1950 and Gastaut 
et al., 1951 and 1952) and this view is supported by 
the fact that the main pathology is situated in the 
brain stem. Mephenesin has been reported to reduce 
the wave and spike activity in petit mal epilepsy 
(Gammon and Churchill 1949). There is suggestive 
evidence therefore that Mephenesin has an action at 
the level of the brain stem. 


34. Caffeine sodium benzoate, its effect on the slow 
activity associated with supratentorial tumours. 
— J. H. D. Mitar, Royal Victoria Hospital, 
Belfast. 


Caffeine sodium benzoate 7% gr. intramuscular- 
ly at 6 hourly intervals has reduced the slow activity 
in the EEG associated with supratentorial tumours in 
some patients. Shenkin (1950) measured the effect 
of caffeine sodium benzoate on the cerebral blood 
flow by the nitrous oxide method. He found a signif- 
icant reduction in cerebral blood flow 5 min. follow- 
ing the intravenous injection of 7 grains over a 
period of one min. This report refutes previous work 
which had shown that caffeine dilated the cerebral 
arteries. However, it may be the method and time 
of administration that has produced this contradic- 
tion. It is difficult to see how the EEG can improve 
following the drug if its mechanism is one of vaso- 
constriction. 


35. On the influence of anticholinergic drugs on 
the EEG of recent closed craniocerebral injuries. 
— H. Lecuner, University of Graz, Austria. 


Our investigation was based on the findings of 
Bornstein whose experiments showed that free acetyl- 
choline (ACh) could be demonstrated in the cerebro- 
spinal fluid (CSF) after craniocerebral injury or 
after electroshock treatment (ECT). He was also 
able to correlate the gravity of EEG changes with 
the amount of ACh in the CSF. He concluded that 
free ACh plays a role in the causation of comatose 
states and also of the states of irritability in cases 
of craniocerebral trauma. He next attempted to 
counter these changes with atropin, in which he suc- 
ceeded. Further, atropin was used in the treatment 
of head injuries with varying success (Ward, Mar- 
guth and Krenkel) but all writers agree that this 
drug is not the one of choice on account of its toxic 
effects. 


We therefore made it our task to search for a 
drug capable of countering EEG changes in head 
injuries without producing too great side effects. 
Since it was known from experimental work (Jenkner) 
that scopolamin and N-diethyl-aminoethyl di-benzo- 
parathiazine hydrochloride (diethazine HCl, RP 2987, 
casantin, Diparcol HCl) are able to change the EEG 
picture in monkeys after ECT and approximate it to 
normal, we decided to examine these drugs with re- 
spect to their effect on recent craniocerebral injuries. 
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All patients admitted during a certain period to 
the hospital with recent closed head injuries under- 
went EEG examination; recording of that derivation 
which contained the highest incidence of pathological 
activity was continued and either scopolamine as the 
hydrobromide in a dose of 0.6 mgm or Diparcol 
hydrochloride in a dose of 250 mgm. were given 
intravenously. In this way 83 cases were examined, 
a group of 46 cases receiving scopolamine and a 
second group of 37 receiving Dipareol. Further, 15 
normals were examined, of whom 5 had scopolamine 
and 10 Diparcol. 


In the first group there were 12 cases with a 
slight abnormality, 13 with a slight dysrhythmia, 1 
with a medium and 2 with a serious dysrhythmia. 
Seven cases had suggestive and 10 pronounced focal 
findings and 1 case had intermittent paroxysms of 
generalised delta waves. 


These EEG findings were changed by scopolamine 
as follows: alpha activity was reduced slightly in 3 
and markedly in 5 cases; it was stabilised in 19 
eases. Beta activity increased in 15 cases. Slow 
waves were augmented in 2, clearly reduced in 13 and 
stopped completely in 11 cases. In the controls, after 
the same dose of scopolamine, no certain changes 
could be detected. 


The following changes were seen in the second 
group: slight abnormalities in 13, suggestion of a 
focus in 10, pronounced focus in 12, and intermittent 
paroxysmal delta waves in 2 cases. Injection of Di- 
parcol had the following effects on these EEG’s: 
alpha activity was reduced in 17 and its frequency 
lowered in 7 cases; it was stabilised in 6 and un- 
changed in 5. Beta waves were increased in 1 and 
reduced in 2 cases. Reduction of slow waves was 
brought about in 6 and their disappearance in 20 
cases. Generalised delta paroxysms showed a distinct 
diminution. In all our controls there was a reduction 
of alpha activity; only in a single case was there 
an increase of beta activity. 


Our investigation shows that the drugs used 
cause, in a certain proportion of cases of recent 
eraniocerebral trauma, an approach towards normal 
of brain activity. This brings out some interesting 
aspects of the ACh metabolism in such head injuries, 
but their discussion would exceed the frame work of 
the present subject. It has been known for a long 
time, from the work of Jasper and his co-workers, 
that EEG changes provide a measure for the severity 
of head injuries and, further, it has been shown by 
Williams that EEG changes persist longer than clin- 
ical signs and symptoms. From these data it must 
be concluded that the use of drugs of the present 
group provide a new point of view for the treatment 
of craniocerebral injuries. 


36. Profound EEG disturbances due to intolerance 
of anti-convulsant drugs. — J. RoGer, H. Gas- 
TAUT, H. COLLOMB and G. MILETTO, Service Neu- 
ro-Psychiatrie, Marseille. 


Observation of two similar cases treated with 
anti-convulsants for several weeks revealed a clinical 
intolerance signalised by astasia and abasia, accom- 
panied by a profound EEG dysrhythmia wit con- 
tinuous delta and sub-delta components diminished by 
opening the eyes. The clinical and electrical dis- 
turbances disappeared after withdrawak of the medica- 
tion, but reappeared when it was again exhibited. In 
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one case the offending compound was sodium di- 
phenyl hydantoinate and in the other 5-ethyl-5-phenyl 
hexahydropyrimidine-4: 6 dione. 


37. Oculo-clonic responses in alcoholic intoxication 
and during treatment with nicotinic acid hydra- 
zide. — G. CARDAIRE, H. CoLtomsB and G. MI- 
LETTO, Service Neuro-Psychiatrie, Marseille. 


Oculo-clonie responses and recruiting responses, 
which are rather rare in chronic alcoholics, are found 
regularly at the onset of alcoholic delirium in various 
degrees and disappear with relief of the conditions. 
Similar responses are often seen during treatment 
with nicotinic acid hydrazide. Their appearance can 
be used to help predict complications in this treat-. 
ment. These two findings may be related, and seem 
to support the suggestion of an analogy between the 
complications of alcoholism and those of izoniazide, 
such as polyneuritis and mental disturbances. 


38. Action du méprobamate sur l’EEG humain. — 
G. Mitetro, H. Cottoms et G. CARDAIRE, Ser- 
vice Neuro-Psychiatrie, Marseille. 


Cinquante sujets traités par le méprobamate a 
doses thérapeutiques habituelles (1 gr. 20 4 2 gr. 40 
pro die) ont montré des modifications trés minimes 
de 1"EEG mais qui tendent toutes 4 un discret ralen- 
tissement de fréquence de 1’alpha et 4 une augmenta- 
tion d’amplitude. Avec des doses de 30 mgr/kg. on 
obtient une synchronisation assez accentuée avec ap- 
parition d’ondes lentes qui semblent signer un effet 
fonctionnel de mise au repos du systéme réticulé. 
Avec 60 mgr/kg., on obtient au contraire des rythmes 
rapides généralisés permanents accompagnant un état 
de somnolence. Dus 4 une action propre du médi- 
cament ils sont semblables aux rythmes rapides des 
barbituriques et probablement de siége et de signifi- 
cation analogue. 


39. Inhibitory phases as an action of certain phar- 
macological substances, and the reflection of 
these phases in the EEG. — V. S. Rusinov and 
N. N. BurpDeEnko, Institute of Higher Nervous 
Activity and Institute of Neurosurgery of the 
Academy of Medical Sciences of the U.S.S.R. 


1. Phenomena investigated: changes in the elec- 
trical activity of the cortex of the hemispheres of 
the brain of human beings and of animals, following 
intravenous injection of substances used in the 
practice of neurosurgery (Novocaine and sodium 
Pentothal). 


2. On intravenous injection of varying doses of 
Novoecaine (from 10 to 80 ml. of a 1 per cent solution 
of Novocaine) which is used to free patients from per- 
sistent pain syndrome, the greatest changes in the 
electrical activity of the cortex of the hemispheres 
are observed in the course of the first 10-15 min. 
The alpha-rhythm is lessened in amplitude, a discon- 
tinuous inhibition of the alpha-rhythm appears. In 
some cases, after 6-7 min. an asymmetry appears in 
the EEG of the right and left hemispheres, due to 
a predominance of slow waves in one of the hem- 
ispheres. Before this phase of slow waves a phase 
of rapid fluctuations in the EEG is observed. 


3. Rhythmie light stimuli, which before the intro- 
duction of the Novocaine evoked a following of the 
cortical rhythm. to slow frequencies, ceased to evoke 
this reaction in the presence of Novocaine. 
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Thirty to 40 min. after the start of the admin- 
istration of Novocaine, an alpha rhythm reappears 
which differs in character from the original one — it 
does not change under the influence of indifferent 
stimuli. 

4, Changes in the electrical activity of the cortex 
and thalamus of rabbits were observed, on the intro- 
duction of 2-4 ml. of a 2 per cent Novocaine solu- 
tion. In the presence of Novocaine a lowering in the 
amplitude of the ‘‘spontaneous’’ bursts of electrical 
activity is observed and paradoxical reactions to 
rhythmic light stimuli, which vary in frequericy and 
intensity, appear. With light flashes of greater power 
the amplitude of the acquired rhythm is less than 
it is with stimuli of lesser power. After 40-50 min. 
a restoration of normal reactions is observed. 

5. Under the action of sodium Pentothal, dif- 
ferent phases in the state of the thalamus and cortex 
are very definitely expressed in response to sound 
and light stimuli. 

During the phase of intensive stimulation of the 
thalamus, when frequent high-voltage discharges are 
registered on the EEG, a further following of the 
rhythm in response to 4-6 flashes per sec. is observed 
in the visual-and motor- cortex. At the same time 
there are no noticeable changes in the EEG. 

After the. phase of excitation of the thalamus 
comes to an end, a speeding-up of the rhythm in re- 
sponse to stimuli is observed in the cortex, and in 
the thalamus — a synchronisation in a 4-5 ¢/sec. 
rhythm (V.Y. Maiorchik). 

6. Under certain definite experimental conditions, 
there appear in the rabbit two divisions, differing in 
their electrical activity, in the cortex of the hem- 
ispheres: an upper division, including the four outer 
layers of the cortex, and a lower one including the 
fifth and sixth layers. 

With the use of pharmacological substances it 
was established that the reactions of these two 
divisions can proceed in a proportional relationship 
to one another, as the electrical activity of the upper 
division is intensified, the potentials of the lower 
division of the cortex are depressed, and vice versa. 

Under the local action of acetyl-choline (a piece 
of filter-paper one square mm. in size, soaked in a 
1 per cent solution of acetyl-choline, applied to the 
cortex for one minute) the corresponding sector of 
the cortex of the opposite hemisphere reacts promptly 
and strongly. In the EEG of this symmetrical sector 
of the cortex there appear high-amplitude sharp waves 
(acetyl-choline waves), while on the EEG of the sector 
of the cortex subjected to the action of the acetyl- 
choline slow fluctuations, much protracted in time, are 
observed (M.Y. Rabinovitch). 


40. Current flow in the central nervous system. — 
Sir BryAN MATTHEWws, Physiological Laboratory, 
Cambridge, England. 


The potentials recorded between a single elec- 
trode in grey matter and a distant electrode may 
arise from a change of potential at a cell surface 
separating the electrodes (intracellular recording) or 
from a change of local current flow coming from 
sources and sinks on! membranes not separating the 
electrodes (extra-cellular recording). Only the latter 
are to be considered here. 


With a single electrode and a distant earth, the 
same event may be recorded as positive or negative 
or nil, depending on the position of the electrode 
relative to the source and sink. 
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Many authors have used pairs of electrodes to 
overcome some of the uncertainties introduced when 
recording against earth. Such a system records the 
component of the action current at the electrode site 
resolved in the direction of the line joining their tips. 
In a bulk conductor such as grey matter, the action 
current can, and in fact does, change its direction 
rapidly in the course of activity. An instantaneous 
record of the direction as well as the magnitude of 
the current in a given plane can be obtained by 
using a second pair of electrodes close to the first 
pair with the tips along a line at right angles to the 
first pair. 

Then if the first pair deflects the X plates of 
an oscilloscope and the second pair deflects the Y 
plates, the spot will move in a way to show the 
instantaneous magnitude and direction of the action 
current in the plane of the electrodes. For the de- 
flexion of the spot in each direction will be propor- 
tional to the action current component in that direc- 
tion; the spot will thus describe the required polar 
diagram. 

In practice the electrodes are Ringer-filled micro- 
electrodes with 2-10 y tips separated by 50-500 ux. 
They feed, through cathode followers, two similar 
differential amplifiers having a time constant of 
about one second and a discrimination against in- 
phase signals of 500 x. Time marking is provided by 
interrupting the beam at 1000 or 5000 ¢/see. In the 
resulting record, the waxing and waning of stationary 
sources and sinks produces deflexion along a radius, 
whilst changes in the position of sources or sinks 
relative to the electrodes cause rotation of the radius 
about the centre. The local current is thus indicated 
in polar co-ordinates. It is impossible by other means 
to differentiate from a single record between activity 
changing in intensity and changing in position. At 
present the simultaneous analysis is made in two 
directions only; and a time-base record is taken 
by a second beam simultaneously. Information on 
activity in the third direction has been derived from 
successive analyses. It is possible to differentiate 
between local and general activity by small movements 
of the electrodes, the general effect remaining sub- 
stantially constant over considerable distances. Many 
of the changes of physiological interest go down 
to the limits of detection. In some experiments metal 
electrodes have been used to lower the noise level, 
and filters are fitted which can be switched in to 
clarify slow changes at high amplification. 

With any form of sensory or electrical stimiula- 
tion, vector currents can be recorded widely from the 
spinal cord in the rat or frog, even outside the seg- 
ment where impulses are entering. The pattern is 
constant for a given input, but changes greatly when 
impulses arise from different peripheral sites. The 
vector current at a chosen site is an integrated fune- 
tion of many sources and sinks at various distances 
from this site. It is well known that many central 
structures alter their activity when currents are made 
to flow in or near them artificially, and the orienta- 
tion of these determines their effect; the naturally 
occurring vector currents may be expected to have 
parallel actions. 

In many situations currents flow for long periods; 
these currents are carried by ions and the direction 
of transport of natural reagents is indicated by the 
eurrent vector. The addition of a vector analysis to 
the normal record of focal potentials in the spinal 
grey matter enables a number of features of these to 
be readily interpreted. 
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41. Depth electrographic studies of the activity in 
the human brain and the effect of some drugs 
(including Mescalin, L.S.D. 25 and chlorpro- 
mazine). — C. W. SEM-JACOBSEN, Gaustad 
Mental Hospital, Oslo, Norway. 


This study was started at the Rochester State 
Hospital in 1952 in co-operation with the Mayo 
Clinic. The main workers have been Drs. M. C. 
Petersen, H. W. Dodge, J. A. Lazarte, C. B. Holman, 
and the author. 

During the last five months I have continued the 
study at Gaustad Mental Hospital, Oslo, Norway. 

The main technique is well known from several 
earlier publications. The size of the electrodes, how- 
ever, has been steadily reduced. At present, we are 
trying out stainless steel, 20 microns in diameter. 
The paucity of demonstrable brain damage is pleasing 
and may be still less with the finer electrodes. 

It takes usually three days after the operation 
before a baseline recording is obtained. Changes 
during the first days following the implantation of 
the electrodes may be due to anesthesia, other drugs 
and surgical trauma. 

The various areas of the brain seem to have an 
easily recognizable activity. In the frontal lobe, a 
rhythmic 2-4 ¢/sec. activity is consistently found in 
the ventro-medial aspect and a 25 c¢/sec. fast beta 
activity is seen in the lateral aspect of the same 
lobe. Under the influence of ether, the frequency of 
the activity is increased. Under the influence of 
Pentothal, the frequency of the activity is decreased. 
However, this applies to the lateral fast activity, 
where there is an increase in the voltage of this 


activity so that it seems to overshadow all other 
activity in the earlier stages. 

The rhythms in the olfactory bulb are demon- 
strated and under the influence of anesthesia the 
frequency of the activity changes in the same way as 
the lateral fast activity. Recognizable characteristic 
rhythms are seen in the motor area and underlying 


white matter. The fluctuation during sleep is seen 
in the lower part of the slide. The difference in 
response to touch and pain is recorded from the 
general sensory area. 

From the auditory area and underlying white mat- 
ter, the response to sound stimulation has _ been 
studied. It is possible to demonstrate the speed of 
the sound impulses. The effect of Pentothal on the 
response to trains of clicks are also illustrated. There 
is at first an increase of amplitude of the response, 
later there is a decrease in the duration of the 
response. 

From the occipital lobe visual fast gamma activity 
and lambda waves as well as alpha activity are 
elicited, with a maximum voltage from their respec- 
tive regions. The lambda waves seem most probably 
related to accommodation of the lens. 

In the temporal lobe a quite different type of 
activity is seen and there is no clear-cut relation 
between this activity and somatic functions. On the 
other hand, in the psychotic patients there seems to 
be a relation between the activity in this region, 
the activity in the ventromedial aspect of the frontal 
lobe, regions of the parietal lobe and the hypo- 
thalamus. Reserpine does not seem to have any effect 
on this activity except when the dose is so large that 
there is a marked fall in blood pressure followed by 
altered level of consciousness. 

Mesealin and 1..8.D. 25 have been given to several 
patients. In one patient a double spike foeus ap- 
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peared, at the same time as the clinical effect of 
the drug. It was a focus firing with a peculiar type 
of double spike. The focus fired about three times 
per second continuously for hours. The changes in 
the record were undistinguishable, whether Mescalin 
or L.S.D. 25 were used. The EEG changes as well as 
clinical changes were quickly reversed by chlorpro- 
mazine i.v. The focus appearing in this patient was 
in the same general region as where spike foci have 
appeared in other patients at the time of acute hal- 
lucinated and agitated episodes. 


42. The superficial spread of cerebral potential 
fields. Some evidence provided by hemispher- 
ectomy. — WuLL1AM Coss and T. A. SEArRs, 
The National Hospital, Queen Square, London. 


After the operation of hemispherectomy the EEG 
on the operated side is never completely flat. Though 
the potential changes there may be of the same order 
as those from extra-cerebral causes, in many cases 
there can be no doubt that an EKG is being recorded, 
at points 5 or 6 em. remote from the nearest brain. 
In general it appears as a smaller version of the 
EEG of the intact side, following the overall fluctua- 
tions in frequency and amplitude with fair fidelity. 


The spread of these potential changes from the 
intact side might be predominantly in skull and 
scalp or in fluid, or equally in both. That the fluid 
(C.S.F.) has about the same conductive properties as 
brain is suggested by the observation that the blink 
potentials usually remain symmetrical after hem- 
ispherectomy; it is possible, however, that they are 
conducted almost wholly in the skull and scalp, which 
could account for the lack of disturbance by blink 
potentials experienced in corticography and depth re- 
cording. 


Recently a long-awaited opportunity of in- 
vestigating the relative importance of the two media 
has occurred. In the course of a few months three 
of our hemispherectomy patients have shown signs 
of raised intracranial pressure, the investigation of 
which has required partial replacement of the fluid 
in the hemispherectomy cavity by air, so that it has 
been possible, by positioning the head, to compare the 
potential changes at an electrode with fluid or with 
air beneath it. These patients are seldom among the 
most cooperative and it is unfortunate that the best 
of them in this respect has a very low-voltage record, 
which gives no useful information. However, the re- 
sults from one child, though limited, are clear; while 
they are similar in the third child the small ampli- 
tudes do not permit of confident interpretation on 
this evidence alone. 

In brief, the activity at any electrode is larger 
when there is air under it than when there is fluid; 
there are also differential effects, the slower waves 
(K complexes) being less affected than the faster. 


To check thesé results hemispherectomies have 
been performed on anaesthetised cats. The operation 
has been done through the smallest possible frontal 
craniotomy with minimal disturbance of the scalp; 
then, with the nose elevated, Ringer’s fluid could be 
run into, or sucked out of, the cavity at will. It was 
hoped to use the cortical response to light flashes as 
the signal, but when recorded from the scalp these 
were too small to be useful, though of normal size 
when later recorded from the exposed cortex. Ac- 
cordingly, three wires, insulated except for their tips, 
were inserted through frontal drill holes on _ the 
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intact side to form, by pairing, three dipoles in 
different planes, approximately in the region of the 
visual cortex. A sinusoidal input of 75 mV. to either 
of these dipoles gave a maximum of 55 yuV. at a pair 
of scalp electrodes. It was found that the substitution 
of air for fluid might, at any particular pair of elec- 
trodes, either increase or decrease the P.D., or its 
sign might even be reversed. A very small addition 
of fluid to the air-filled cavity, such that there was 
still air under the relevant electrodes, might have this 
result. 

It is clear, therefore, that the effect is essentially 
one of changing the shape of the potential field, 
which would account for the differential effect on 
the two components in the human case, assuming that 
their sources were not identical. It is also clear that 
considerable conduction is possible in the plane of the 
tissues overlying the brain, and this is a factor which 
must be taken into account when interpreting the 
EEG of the whole, as well as of the half, brain. 


43. Some observations upon stimulation of the hip- 
pocampus in man. — G. PAMPIGLIONE and M. 
A. FALCONER, Department of Clinical Neuro- 
physiology, Institute of Psychiatry and Guy’s- 
Maudsley Neurosurgical Unit, London. 


Direct electrograms were obtained from the supe- 
rior surface of the hippocampus in 17 conscious 
patients operated under local analgesia. The brain 
was exposed by a lateral craniotomy 12 times on the 
left and 5 on the right. After preliminary cortico- 
graphy an oblique incision about 2 cm. long was made 
in the middle temporal gyrus about 5-6 em. behind 
the pole opening into the temporal horn of, the lateral 
ventricle. Under direct vision through this incision 
a silver-silver chloride ball electrode (1 mm. dia- 
meter) was slid over the anterior portion of the hippo- 
campus, the walls of the temporal horn keeping the 
electrode and its insulated flexible lead in place. A 
second electrode of the same type was placed over 
the superior surface of the hippocampus from 2 to 
3 em. behind the first. Other electrodes were placed 
over the surface of the lateral aspect of the exposed 
temporal cortex in front of, and behind the cut and 
over the exposed frontal and parietal lobes. Other 
electrodes still were slid under the orbital frontal 
cortex, on the temporal pole, the uncus, the anterior 
and the posterior part of the hippocampal and/or 
fusiform convolutions. Scalp electrodes had been 
secured prior to operation over the contralateral 
hemisphere in the mid-temporal, posterior temporal, 
frontal and parietal regions. 


This arrangement was devised in order: 


1. To ensure that the electrodes in the depth 
were actually in contact with the superior surface of 
the hippocampus with but little disturbance of the 
brain in its immediate proximity. 

2. To record the spontaneous activity of the hippo- 
campus simultaneously with that of the cortex of the 
hippocampal convolution, temporal pole, uncus and 
other regions of the brain when their connections 
are still intact. , 

3. To collect data on the subjective and objective 
phenomena evoked by the electrical stimulation of 
the hippocampus in conscious patients. 

The stimuli used were 50-60 per sec. square wave 
pulses of 3 msec. at 3-4 V. (occasionally 6-10 V) 
applied through the electrodes placed on the hippo- 
campus for periods of from 2 to 10 see. No attempt 
was made to establish ‘‘threshold values’’ for either 
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discharges and/or clinical phenomena, our aim being 
to evoke clinical responses without preliminary altera- 
tion of the ‘‘excitability’’ of the area. 


All our 17 patients were suffering from seizures 
deemed to be of temporal lobe origin and were going 
to be submitted to temporal lobectomy. Each one 
had shown over a period of several months to several 
years, definite EEG abnormalities mainly in the tem- 
poral regions. In each patient stimulation of the 
hippocampus was performed at least twice (up to 6 
times) without displacing the electrodes, the intervals 
between stimulations varying from 5 to 20 min., with 
a total of 53 stimulations. The temporal lobe later 
removed in one piece including the uncus and the 
anterior 3-4 em. of the hippocampus was studied 
histologically by Professor A. Meyer and Dr. J. 
Cavenagh. 

The clinical and electrographic features varied 
a great deal from one patient to another, and even in 
the same patient for similar parameters of stimula- 
tion. On no oceasion did a major seizure occur, even 
when 10 V. were applied. No constant relationship 
was found between the duration and pattern of the 
electrical changes and the type and duration of sub- 
jective and objective clinical phenomena. Clinical 
phenomena closely similar to the patient’s spontaneous 
aura or attack were evoked on some occasions, in- 
cluding ‘‘peculiar sensations’’, complex hallucina- 
tions, ‘‘dreams’’, apparent confusion, speech distur- 
bances. On other occasions the clinical phenomena 
were of a kind apparently different from the patient’s 
spontaneous manifestations. Olfactory hallucinations 
were very rare. Sometimes no clinical changes were 
noticed in spite of prolonged electrical storms being 
induced; and at other times the clinical phenomena 
outlasted the electrical changes recorded. 


The distribution of the evoked discharges was 
less variable, and on no oceasion were gross changes 
seen in the orbital and lateral fronto-parietal cortex 
or in the contra-lateral temporal scalp records. Often 
the discharges were limited to the areas of one or 
the other, or of both electrodes placed over the hippo- 
campus. The temporal pole, the uncus, the hippo- 
campal and fusiform convolutions were also often 
involved either with or without participation of the 
anterior half of the lateral aspect of the temporal 
cortex. The temporal regions behind the level of the 
cortical incision were less often involved. 

Some illustrative examples will be presented for 
discussion. 


44. Multi-channel recording and polygraphy as an 
aid to EEG. — H. Fiscucoip, G. ARFEL and 
P. MatTuis, Hépital de la Pitié, Paris. 


1. During the last few years there has been a 
tendency in France to increase the number of chan- 
nels in EEG instruments. From 6 to 8, the number 
has gone up first to 10, 12 or 15, even up to 22. 


We propose to describe the application of an 
apparatus with 30 channels — 22 for the EEG and 8 
for recording other variables (breathing, pulse rate, 
blood pressure, PGR, Drohocki integrator). 

This equipment has been in use for three years 
at the Hopital de la Pitié. 

Another 20 channel machine is working at the 
Centre Hospitalier Foch. 

2. Multiplication of channels up to 20 or 22, 
raises serious problems but it has been found useful 
in the location of focal abnormalities. 


Special devices for orientation analysis and loca- 
tion, worked out by one of us (Mme Arfel), will be 
described. 


3. Polygraphie recording has permitted special 
studies of sleep, coma and petit mal. 

A description of these results has already been 
given at the Marseille Colloquium. On this present 
oceasion will be added some hitherto unpublished 
observations on reaction times and the PGR. 


45. Multiplication des plumes en routine EEG. A 
propos d’un appareillage 4 20 dérivations en 
service a l’Hépital Foch de Suresnes (France). 
— Madame G. ArRFEL-CAPDEVIELLE. 


Cette note expose la méthode d’utilisation d’un 
appareillage 4 20 dérivations, destiné essentiellement 
auz examens de routine et accessoirement 4 la re- 
cherche. 

La méthode est avant tout fondée sur 1’intérét 
des montages 4 «courtes » distances interélectrodes 
(5 em. en moyenne), particuliérement profitables lors- 
qu’un grand nombre de territoires cérébraux peuvent 
étre simultanément explorés. 


Pour qu’un appareillage aussi complexe soit aisé- 
ment maniable et afin de faciliter l’analyse visuelle 
de tracés dont les larges dimensions peuvent entrainer 
une dispersion de 1]’attention, nous avons jugé utile: 

1° d’instituer des montages aussi simples que 
possible ot les territoires symétriques soient facile- 
ment repérables, ce qui permet en cours d’enregistre- 
ment ou d’interprétation d’évaluer rapidement tes 
éléments comparatifs ; 

2° de standardiser non seulement les montages 
des examens courants, mais aussi ceux destinés aux 
localisations. 


La méthode comporte en effet: 


Les examens courants, faisant appel 4 21 électro- 
des et comprenant 4 montages de ba&e et 2 montages 
de complément. Ces montages, dont les plus impor- 
tants sont un montage longitudinal et un montage 
transversal 4 courtes distances, réalisent une sorte de 
quadrillage de la convexité crinienne qui conduit a 
une analyse spatiale trés compléte. 


Les conditions pratiques indispensables 4 leur 
bonne réalisation sont exposées. 


L’examen courant doit durer au minimum 30 min. 


Les examens particuliers qui nécessitent 31 élec- 
trodes réduisent le champ des investigations 4 un 
seul hémisphére ou & des régions symétriques des 
deux hémisphéres. Ils utilisent aussi bien la méthode 
bipolaire que la méthode référentielle. 


Dix montages de localisations « préfabriqués » 
ont paru pouvoir répondre 4 toutes les éventualités. 


Ces montages — de méme que ceux des examens 
courants, soit 16 en tout — sont pré-établis sur 
combinateur-pilote, ce qui rend leur utilisation extré- 
mement simple. 

L’enregistrement simultané d’un grand nombre 
de territoires cérébraux par les montages bipolaires 
& courtes distances réalise une étude trés précise des 
particularités régionales, physiologiques ou aberran- 
tes. 

La mise en cuvre de montages toujours sembla- 
bles permet de réaliser dans des conditions rigoureuse- 
ment superposables les études comparatives des 1é- 
sions localisées, rendant ainsi plus significatives leurs 
similitudes ou leurs dissonances. 
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46. An integrating topograph. — A. RéMOND, Fa- 
culté de Médecine, Paris. 


We have previously described a so-called topo- 
graphic method of recording electroencephalograms 
based on a novel method of re-arranging classical 
EEG records. Instead of presenting these latter, as 
is usual, in succession on a single ordinate, they are 
arranged so as to appear side by side, parallel to one 
another, in such a way that the centre point (or 
isoelectric point) of each derivation is projected on 
the same abscissa. In the course of a recording the 
respective position of the various derivations is in- 
scribed at each instant on a contour which corresponds 
to the potential gradient from the electrode pattern 
being studied. 

The first embodiment of this method of displaying 
the electrical activity of the brain may be called 
‘fanalytical’’; a contour is photographed every 1/100 
or 1/1000 of a second, the set of records with respect 
to time showing the changes of this contour from 
one fraction of a second to another. 

More recently we have used a novel version of 
the above topographic display which one could eall 
‘‘integrating’’ to distinguish it from the preceding 
one. The potential differences produced by a con- 
ventional EEG are collected, during the very short 
time necessary for sampling them, only after the 
application to the subject of a sensory stimulus. At 
the same time as the value of these PD’s appears on 
the screen of a C.R.O. a quantity of electricity cor- 
responding to it is accumulated in a convenient 
storagevixcuit. Since the PDs build up always in the 
same time relation to the regular stimulus it is 
evident that each repetition tends to augment the 
stored values in proportion to the contribution from 
the response to the stimulus; the components cor- 
responding to the spontaneous electrical activity are 
always randomised with respect to their own time 
relations. 

The persistent image which forms on the CRO 
by the accumulation of charges is then amplified at 
each repetition but above all changes progressively 
in wave-form. This transformation is made at first 
in an apparently random fashion, but then approxim- 
ates more and more closely to the ideal contour which 
represents the average evoked topographic response 
in the region studied, all spontaneous activity being 
eliminated. According to the relative predominance 
of components due to the response in the total activ- 
ity, the number of repetitions can be selected between 
several hundreds and several thousands. An evoked 
signal of a few microvolts can thus be observed quite 
easily against a background of ‘‘brain noise’’ of 
several tens of microvolts. 

The circuit we are using enables us to select be- 
tween one millisecond and one second, the time in- 
terval between the stimulus and the sampling opera- 
tion; the experimental procedure is to explore sue- 
cessively the response corresponding to various signif- 
icant latencies and thus to record a family of curves 
corresponding to regular displacement in time, from 
the same set of active electrodes. 


The apparatus at present in use employs 8 chan- 
nels since it is-connected to an 8-channel EEG. We 
are using it for recording one after the other from 
straight lines of electrodes symmetrical on the two 
hemispheres and for exploring in succession the various 
parallel electrode chains necessary to explore the 


_-surface of the scalp in relation to a given sensory 


area. The C.R.O. record correspouding to each in- 
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tegrated response may be photographed but can also 
be recorded on tracing paper before being erased to 
give place to a fresh recording. 


47. Conditioning fields. — CATHERINE Popov, La- 
boratoire du Conditionnement, H6pital de la 
Salpétriére, Paris. 

At the Marseille Congress in November 1955 we 
showed how the notions of dominance, cyclochrony 
and repetitive properties of the brain were leading us 
to a more precise idea about the nature of the phe- 
nomena which come into play during conditioning. In 
order to throw into relief the modifications which 
we believe should be made in the classical theory we 
used the traditional arrangement of stimuli for the 
experiments reported in Marseille (the first part 
of our paper). Henceforth, however, we are inclined 
to assert that the arrangement of the stimuli does 
not play an essential part in the building up of 
conditioned responses, if it is not that of determining 
the pattern of the visible cycle. The notion of ‘‘con- 
ditioning fields’’ to which we have resorted takes 
account of this assertion, and this notion is the sub- 
ject of this paper. : 

When one provides an absolute (dominant) stim- 
ulus of sufficient intensity it may be adequate to set 
up in the corresponding region of the brain a zone 
of enhanced excitability. If a so-called indifferent 
stimulus oceurs a little later, it may reproduce, ac- 
cording to the rules of dominance, the simultaneous 
and consecutive effect of the absolute stimulus. A 
few successive repetitions of the indifferent stimulus 
given alone result in its conditioning. Still further 
repetition of such stimulation results in the progres- 
sive and total extinction of its acquired effect, sug- 
gesting that we are indeed dealing with a conditioning 
process. 

This observation demonstrates the transient char- 
acter of these zones of enhanced excitability which 
appear at the functional level of the cortex, an 
attribute which is opposed to the inertia of dominance. 

This extremely simple form of conditioning is 
set up much more quickly than the classical type, and 
it seems to us to be the most likely sort, of event in 
the life of a living creature. 


48. Rhythmic activity recorded in the reticular for- 
mation of the brain stem during conditioning 
in the cat. — N. Yosnu, H. Provor and H. 
GASTAUT, Faculté de Médecine, Marseille. 


Permanent electrodes were implanted in 4 cats 
either in the skull or in the thalamus (anterior ventral 
nucleus, centro-median of Luys) and in the reticular 
formation of the brain stem. The EEG studies of 
conditioning were conducted for one to two months. 
The continuous auditory conditioned stimulus pre- 
eedes and overlaps the unconditioned stimulus repre- 
sented by rhythmic flashes of light repeated several 
times a second. After a few days the auditory stim- 
ulus, though at first ineffective, begins to modify 
the electrical brain activity. 

The first effect is an evoked potential followed 
by generalised de-synchronisation, later a repetitive 
response appears related in frequency to the un- 
conditioned flicker. 

This repetitive response lasts not only during the 
application of the conditioned stimulus but also 


apart from this; it takes the form of spontancous 
bursts of considerable duration 


(some seconds to 
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several minutes) of large regular waves with a 
frequency which approaches more and more closely 
to that of the rate of the flicker. 

In one case in which this ‘‘spontaneous’’ rhythm 
at 5 c/sec. appeared from the beginning of the exper- 
iment in a cat stimulated daily at 5 f/sec., we 
changed the frequency of stimulation and used flashes 
at 10 f/sec. After only a day there appeared in 
the reticular formation a burst of rhythmic activity 
at 10 ¢/sec. which, as it were, competed with the 5 
c/sec. rhythm. A few days later this rhythm had 
become dominant in large bursts. We consider it 
important to emphasise that these spontaneous 
rhythms related to the frequency of the light stimuli 
appear only in the sub-cortical structures and mainly 
in the brain stem reticular formation. Their appear- 
ance in the occipital cortex is unusual and assumes 
the form of bursts accompanying those recorded in 
the brain stem. It is also important to realize that 
these spontaneous rhythms are the same as those 
which appear during the application of the con- 
ditioned stimulus and which therefore constitute the 
conditioned response. We believe that we can assert 
that these repetitive discharges at the specific fre- 
quency correspond to a conditioned response not only 
to the auditory stimulus but also to the general con- 
ditions of the experiment. We think we can even put 
forward the hypothesis of a memory trace; the retic- 
ular formation in the general framework of the cen- 
trencephalon has after all been suggested by Penfield 
as the essential site of memory. 


With regard to the rhythmic appearance of this 
memory trace, this has been considered by Grey 
Walter who, in 1950, underlined the advantages of 
an oscillatory theory of memory and concluded: 
‘funtil there be some evidence to the contrary, I 
shall continue to support a working hypothesis which 
includes the proposition of rhythmic oscillation be- 
tween cerebral elements as a physical basis of short- 
term memory.’’ 


49. The mechanism of potentials evoked in the oc- 
cipital region in human subjects by saccadic 
movements of the eyes. — H. and Y. GastTaut, 
Faculté de Médecine, Marseille. 


Certain subjects who show large occipital spikes 
when the eyes are open are asked to sean the outline 
of a window 3 metres square, brightly lit and 2.5 
metres away. The saccadic movements of the eyes 
are recorded as deflections whose sense and _ size 
indicate the direction and extent of ocular move- 
ments; the very short rising phase of these deflections 
corresponds to the eye movement proper while the 
much slower falling phase corresponds to the fol- 
lowing period of fixation. It is thus easy to measure 
the duration of the saccadic movements (45 + 5 msec. 
for an angle of about 15°) and of the pauses (220 
+ 70 msee.). These values agree with those put 
forward by other workers, notably by Valentine 
(1953) and Morel et al. (1954). 

In the most favourable conditions one ean ob- 
serve a few occipital spikes without corresponding 
saceadie movements and vice-versa, but the general 
rule is correspondence of the two phenomena which 


accompany the exploration of one or several sides of 
the window. (Always the same ones in the course 
of several successive explorations.) Each eye move- 


ment precedes the oecipital spike by 70 to 80 msee., 
suggesting that the latter is a potential evoked either 


by an afferent volley in the visual pathways set up 
in the retina or by proprioceptive afferents from the 
occulomotor muscles. Of these hypotheses, the latter 
is untenable since the occipital spikes disappear, 
while the movements persist, when the subject tries 
to follow the imaginary outline of the window in total 
darkness with the eyes closed. 


Considering that the latency of the occipital 
potentials evoked by a flash of light is about 80 
msec. (Cobb and Morton, 1953) and that the oe- 
cipital spike occurs at 70-90 msec. after the begin- 
ning of the eye movement, it seems likely that the 
latter produces an augmentation of afferent visual 
signals by variation of retinal illumination, resulting 
from the scanning of a non-uniform field. 


To check this hypothesis we have taken records 
from subjects watching motion pictures, a situation 
which we have already shown tends to increase con- 
siderably the number of occipital spikes. The film 
used always contained short sequences of which some 
avoided saccadic movements (by forcing fixation on 
a stationary object or by compelling the eyes to fol- 
low smoothly a slowly moving object) while others 
encouraged the movements (by provoking alternating 
displacements of the eyes toward several stationary 
objects, or by producing a true opto-kinetic nystagmus 
along a row of objects). In these conditions it ap- 
pears that scenes of the first type do not evoke oc- 
cipital spikes, while those of the second type do 
provoke numerous ones. 


It would seem therefore that the majority of 
occipital spikes when the eyes are open should be 
accepted as representing potentials evoked by high 
frequeney afferent volleys in the visual pathways pro- 
duced by abrupt variations in retinal illumination 
accompanying saccadic eye movements. Such a mech- 
anism does not of course exclude others likely to cause 
sudden retinal stimulation, for example blinking of 
the eyes as suggested by Evans (1953). It should not 
be forgotten, in fact, that the pattern in question 
is only found in subjects who show cortical hyper- 
excitability seen as large scale responses to flicker. 
(Y. Gastaut 1951). It is accordingly logical to sup- 
pose that any condition in which the afferent visual 
signals are liable to abrupt changes may provoke 
occipital spikes in a subject with over-excitable neu- 
rones, but it is considered that of all these conditions 
saccadic eye movements are the most important. 


It is furthermore reasonable to assign particular 
significance to the hypersynchronous discharges of 
the occipital neurones which accompany eye move- 
ments and which should appear in all subjects, even 
when the hypersynchrony is too small to permit 
observation of the evoked potential through the 
skull. We suggest, in fact, that. this local hypersyn- 
echrony (practically a miniature epileptic discharge) 
may have the effect of suppressing vision during the 
brisk eye movements which displace the optical image 
suddenly across the retina and which would other- 
wise cause marked blurring of the image. The clas- 
sical psychophysiologists were satisfied that this 
blurring goes unnoticed because of the rapidity of 
the ocular movements; we prefer our hypothesis which 
invokes an interference effect to explain the absence 
of blurring during saccadic movements which may 
last 50 msee. for pauses of 200 msec. and which may 
therefore take up as much as one fifth of the ef- 
fective viewing time. 
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50. The EEG-magnetograph and the EEG-spectro- 
graph, apparatus for fast poly-analysis. — D. 
H: BEKKERING, Medical Physical Institute, Na- 
tional Health Research Council T.N.O., The 
Hague. 


By poly-analysis is meant the simultaneous fre- 
quency-analysis of more EEG channels. The analysis 
is fast because the time resolving power of the 
analyser is of the order of magnitude of one sec., 
this is the response time of the used bandpass filters. 
The EEG magnetograph is a magnetic tape recorder, 
which records eight EEG channels in one track. By 
playing back and analysing the eight channels suc- 
cessively and rearranging the results in the time, it 
is possible to have the disposal of the frequency- 
content of maximum eight EEG channels _ simul- 
taneously. The EEG-spectrograph is a panoramic 
analyser adapted both for visual display and photo- 
graphic recording. 

The EEG-magnetograph consists of: input cir- 
cuit, oscillators, modulators, recording amplifier, 
tape deck, band-passfilters, demodulators and output 
circuit. Amplitude modulation is used. The limiting 
factor is the noise on the tape. 

The EEG-spectrograph consists of: input circuit, 
band-passfilters, rectifiers, gated tubes, electronic 
switch, master oscillator, timebase, output amplifier, 
cathode ray tube and recorder unit. The histogram 
is displayed 300 times per sec. on the screen of a 
cathode ray tube. This gives the impression of a 
continuously changing histogram. The recorded spec- 
trograms resemble ‘‘visible speech’’. A_ spectro- 
gram consists of 20 parallel lines, each line corres- 
ponding with one of the filters of the analyser. The 
occurrence of frequencies in the EEG is manifested 
in the spectrogram by an increase in blackness of the 
corresponding lines. A drawback of this type of re- 
cording is that the amplitudes of the frequency 
components are only qualitatively determined. 

The EEG-spectrograph is especially of use if one 
is interested in time relationships concerning the 
frequency-content of the EEG. The profit of the 
polyanalysis is that with this system it is possible 
to study the frequency-distribution of several EEG- 
channels simultaneously. 

Examples of this way of frequency-analysis will 
be shown. 


51. Example of the use of the spectograph and the 
magnetograph the ‘squeak’? phenomenon. — 
D. BEKKERING, A. Kamp, W. STORM VAN LEEv- 
WEN and P. F. WeErRrRE, Medical Physical Lab- 
oratory of the National Health Organisation, 
and Electro-neurological Department, Neuro- 
logical Clinic, University Hospital, Leiden. 


In 1935 Durup and Fessard deseribed that the 
alpha rhythm often begins with a high frequency. 
The frequency descends in 14-1 sec. to the dominant 
alpha frequencies. This phenomenon was described 
also by Cruikshank. Later W. Grey Walter called it 
a ‘‘squeak’’ in analogy with a similar frequency- 
change of sound. 

When examining normal subjects with the spectro- 
graph the phenomenon was observed in most subjects. 

In the spectrogram the ‘‘squeak’’ has a typical 
aspect. The ‘‘squeak’’ does not occur at each eye- 
closure nor in all leads in which alpha rhythms were 
recorded. The latter could be studied only when 
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simultaneous spectrographic analysis of various leads 
became possible by the aid of the magnetograph. 

To see how the squeak phenomenon develops to- 
pographically in some subjects, simultaneous spectro- 
graphic analysis was carried out of leads with short 
interelectrode distances. A row of electrodes, 2 cm. 
apart was placed in a line from the occiput to the 
temporal bone (right side of the head). In accordance 
with others more than one alpha rhythm could be 
observed. In our subjects the ‘‘squeak’’ was ob- 
served best in the occipito-temporal region. The 
highest frequencies of the squeak are observed in one 
or two of the leads only. As the frequency decreases, 
the field within which it is seen spreads frontally 
while the amplitude increases. Often the frequencies 
tend to decrease a little during 1-2 sec. after the 
‘<squeak’’ is over. In these cases, the region over 
which the alpha rhythm spreads is extended farthest 
frontally when the frequency is lowest. When the 
frequency rises the extension deereases again. This 
suggests that the ‘‘squeak’’ phenomenon may be ex- 
plained by assuming that the alpha rhythm begins in 
a small region at a high frequency and as the alpha 
region extends, the alpha frequency decreases. Or, in 
other words, that the alpha rhythm starts with the 
synchronisation of few elements and as the synchro- 
nisation extends the frequency decreases. 


52. The development in time and space of excita- 
tion and inhibition processes during conditioned 
EEG responses. A study based on the simultan- 
eous automatic frequency analysis of several 
channels. — H. GasTAuT, W. STORM VAN 
LEEUWEN, A. Rocer, H. Reois, D. .BEKKERING, 
A. Kamp and J. P. -Werre, Service Neuro-Psy- 
chiatrie, Marseille, and Neurological Clinic, 
University Hospital, Leiden. 


The actual experiments were made in Marseille 
and recorded on ferrotape to be played back and 
analysed in Leiden. The results reported, as an 
example of the technique, were obtained in a man 
with an occipito-parieto-temporal alpha rhythm and 
a Rolandie ‘‘rythme en arceau’’, 

1. Before being used as a conditioned stimulus, 
the sound repeated several times at first produced a 
generalised blocking of the alpha rhythm, which 
effect rapidly disappeared (habituation). 

2. The unconditioned stimulus was a light serving 
as a signal for clenching the right fist according to 
previous instruction. The complex stimulus invariably 
produced a generalised blocking of the alpha rhythm 
and of the ‘‘rythme en arceau’’, 

3. Repeated combinations result in the rapid 
appearance of a process of conditioned excitation 
which is quickly submerged in a surge of internal 
inhibition provoked by the repetition of the combi- 
nations at long regular intervals (supra-maximal inhi- 
bition) : 

(a) during the application of the sound the pro- 
cess of conditioned excitation takes on at first the 
aspect of a general blocking of the alpha rhythm 
and of the ‘‘rythme en arceau’’, then that of block- 
ing of the ‘‘rythme en arceau’’ only; this migration 
of the occipital focus of excitation towards the Ro- 
landie region corresponds no doubt with a process 
of concentration of excitation in the region of the 
analyser related to the signal endowed with the 
greatest biological significance. Later on, the con- 


ditioned blocking of the Rolandie rhythm disappears 
in its turn as the effeet of inhibition; 
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(b) during the interval between stimuli the pro- 
cess of supra-maximal inhibition is seen first as a 
re-inforcement of both the alpha rhythm and of the 
Rolandie rhythm, then as a progressive diminution and 
disappearance of these basic rhythms which are re- 
placed by slow activity tending steadily towards the 
appearance of a sleep record; 


(c) during this phase of inhibition the condi- 
tioned stimulus produces an awakening reaction which 
is re-inforced during the application of the uncon- 
ditioned stimulus and takes on the aspect of a brief 
return of a ‘‘squeak’’ of alpha rhythm and Rolandie 
rhythm with concomitant disappearance of the slow 
waves. When the inhibition increases still further, 
this awakening reaction does not appear any more, 
except as an effect of the unconditioned stimulus, that 
is, during the presentation of the light which always 
produces clenching of the first. A sound different 
from’ that of the conditioned stimulus also produces 
an awakening reaction which is accentuated at the 
moment when the light should have appeared during 
a normal combination. This is an instance of con- 
ditioning by time interval, which is seen again as a 
spontaneous awakening reaction some seconds before 
the application of each combination. 


The simultaneous automatic frequency analysis of 
several channels clearly displays the fluctuations in 
excitation and inhibition during eleetro-cortical con- 
ditioning, as well as their reciprocal relationship with 
respect to time and space. 


53. Methods of measurement of the EEG. — V. A. 
KOZHEVNIKOV, Laboratory of Physiology of Au- 
ditory Analyses, I.P. Pavlov Institute of Phys- 
iology — under Academy of Science of U.S.S.R., 
Leningrad. 


1. The object of analysis and measurement of the 
EEG is to transform complex and multiform oscillo- 
grams into a comparatively small number of figures 
or graphs which will contain the maximum possible 
amount of useful information needed for the solution 
of the experimental problem posed. The measuring 
techniques used must do away only with unnecessary 
information which can be looked on as noise (Vogel 
and Grey Walter 1951; Woodward 1953). The variety 
of experimental problems being dealt with leads 
inevitably to a great variety of methods having to be 
used for analysing and measuring the EEG. 

This report is concerned with techniques and ap- 
paratus evolved to ensure the automatic performance 
of the basic operations of measurement of complex 
biological currents; the discovery and separation of 
definite rhythms in the EEG and the measurement 
of their frequency and amplitude. 

2. The main element of the equipment here de- 
scribed is a system of electronic band filters. The 
width of the bands of the separate filters correspond 
exactly to the frequency limits of the respective 
rhythms of the EEG. The main points of difference 
between such a system and the arrangement of filters 
usually employed in analysers can be summed up as 
follows: 

(a) the output of the filters direetly characterises 
the corresponding rhythms of the EEG, which rep- 
resents a definite approach towards the expression of 
the result of analysis in biologically significant terms 
(O’Leary and Bishop 1951) ; 

((b) due to the comparatively large band width of 
each filter, evaluation of the time dynamics of the 
rhythms is to a large extent still possible; 
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(c) thanks to the steepness of the sides of the 
frequency response curves, high selectivity of the 
filters is assured. This helps to separate out distinct 
rhythmic components of the EEG even when there is 
a high level of noise created by the fluctuations of 
other frequencies; 

(d) it is possible to separate out fluctuations in 
any field of the infra-sound and sound ranges, since 
it is easy to alter the adjustment of the filter para- 
meters; 

(e) the stability of the characteristics of the 
filters does away with the necessity for constant 
tuning and calibration of the analysers. 


3. Measurement of the amplitude of the fluctua- 
tions of the original EEG and of the isolated rhythmic 
components is carried out by means of linear detectors 
which ensure true representation of wave amplitude 
and of electronic integrators. The latter measure the 
average amplitudes of the signals being studied. 
The data are presented in the form of marks on a 
general oscillogram and on numerical counters. This 
makes it possible to carry out measurements both over 
short periods of time and over periods of any length 
desired. 

On measurement of an unanalysed EEG data are 
obtained which are analogous to the definition of 
overall bioelectrical activity (Drohocki 1938). Inte- 
grated measurement of the output of the band filters 
gives results which are usually taken into consideration 
in experiments using frequency analysers as_ the 
overall activity for a number of resonance filters re- 
lating to this or that rhythm (Glasser 1954). In this 
case, however, the measurement is distinguished by 
greater accuracy and is obtained immediately in 
numerical expression. 

For measurement of changes in the amplitude of 
fluctuations of the alpha-rhythm in connection with 
external stimuli, an integrator with needle indicators 
is used. This device is controlled by a time relay and 
measures the background alpha-activity and _ its 
changes at the moment of stimulation and afterwards. 


A permanent record of the spectrum of wave am- 
plitudes of the EEG and its components is obtained 
by means of a simple photographic method, based 
on using modulation of the bright mass of the ray 
of a cathode oscillograph with simultaneous displa- 
cement at right angles along the x-axis. 


4. For continuous measurement of the frequency 
of waves there is an electronic timing device pro- 
ducing impulses whose amplitude is proportional to 
the duration of the fluctuations being measured. With 
the use of selection amplification and subsequent in- 
tensification of the impulses by the apparatus, it is 
possible to discover and register very small deviations 
in frequency (up to 1/1000). 

5. The use of a system of direct numerical read- 
ings enables one to carry out long and continuous 
measurements of EEG without using an oscillograph. 
In order to check the accuracy of the readings it is 
useful to employ an encephalophone with a modulator, 
whose distinguishing feature is that it can be used 
for the simultaneous reception of both low and high 
frequency fluctuations of biological currents. 

6. From the point of view of practical use, the 
most rational way of designing and producing the 
go of apparatus described above would appear 
to be: 

(a) separate sections, making it possible to com- 
bine and set up these in various ways; 
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(b) spécialised portable appliances intended for 
use under clinical conditions. 


54. Analogue analysis of the mechanism of visual 
excitation and inhibition during scanning move- 
ments of the eyes and rhythmic stimulation. — 
W. Grey Wa tterR, Burden Neurological Insti- 
tute, Bristol. 


An electric model of nervous excitation inhibition 
and synaptic activity (Nerissa) described elsewhere 
permits analysis of most phenomena seen in peri- 
pheral nerves and monosynaptic relays and also sug- 
gests the simplest mechanism necessary to account for 
the effects of intermittent visual stimulation as de- 
scribed by Evans and the Gastauts. 

Records will be shown to illustrate how, in a 
system with two inhibitory relays, rhythmic or in- 
termittent stimuli produce a paradoxical reversal of 
action, equivalent to inhibition of inhibition of in- 
hibition. 

Even if the real mechanism is more complicated 
than this, such experiments illustrate how analogue 
solutions may help to elaborate rigorous working 
hypotheses and thus to suggest clear-cut physiological 
experiments. For example, experiments with the model 
suggest that the mechanism underlying the occipital 
spikes described by the Gastauts, and the ‘‘lambda 
waves’’ of Evans, may be closely related to the exag- 
gerated effects seen as ‘‘photic activation’’ in 
epileptiecs. 


55. Some reflections about the analysis of a com- 
plex signal. — G. RAoutt, Faculty of Science, 
Clermont Ferrand (France). 


Frequency analysis in EEG is an important 
problem and we are going to give some precisions on 
the mathematical point of view of the analysis of a 
signal that must possess the following qualities: 

(a) The frequency domain is very vast, about 30 

octaves, and the mean frequency is very low, 
about 12 herz. 

(b) The analysis must be made on the spot, gen- 

erally as the recording takes place. 


(c) The transcription must be easily readable. 


Integral and series development of a signal. 


When one knows a function y — f(t) in a varia- 
tion interval from zero to infinity, one can put 


fity=/Funetdo and Fur= ae /frve!“at 


This is possible only if the function satisfies the 
Dirichlet conditions, that is, 

First f(t) possesses a finite number of maxima or 
minima, 

Second, f(t) possesses a finite number of discon- 
tinuities. Moreover, the integral J Fit! dt 
must be convergent. +00 


These conditions, simple as they are; are not 
satisfied by the simplest curves, for instance, sines or 
cosines. In order to be able to develop the functions, 
one has devised a new category of function that is 
ealled a ‘‘distribution’’, the first example of which 
is the Dirac function. Beyond this we cannot go, as 
it would carry us too far in a new field of mathe- 
matieal research. 
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The situation is quite different if we stay in a 
time interval O-T. In these conditions, it is always 
possible to develop in Fourier series that we write: 


Fitr=-2Lan,e"™" and a,= 4 fFey eineat 
(e] 


The only drawback is that the time T has a 
particular part and there is no connection between the 
co-efficient obtained for two different times T and 
rs 

We ean notice that the development is in function 
of frequencies multiples of I/T, and it is possible to 
forget frequencies that really exist, as would be the 
case of a development of sine w t between O and 
3T/2; we should have frequencies 2/3T, 4/3T, 6/3T, 
and so on, and never I/T. 


These reflections show us that we must be prudent 
when we speak of instantaneous frequency, or even 
dominant frequency, because all depends on the 
manner in which the mathematical analysis is made. 


Physical Methods of Research. 


Many apparatus have been devised and one has 
to interpret their results. 


The first idea is to use resonators, mechanical or 
electrical, and many apparatus 1 have been made. One 
has to resolve a differential equation of second order 
with a second member. The difficulty is that this 


1 Grey Walter, Elec. Eng. 1943, 236; Grass, J. Neurol. I 
1938, 521; Kaiser, Comm. Apparatus. 
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second member is not an analytical function, and it is 
not possible to know it entirely when one knows 
only a fraction. One must also multiply the second 
member by the H function of Heaviside, because for 
t negative there is no function, and that introduces 
an infinity of spectral components. Even if you mul- 
tiply the frequency, you must take care of these 
effects for if frequency is multiplied, the Q factor 
must also be multiplied by the same co-efficient, and 
you can lose information in that transformation. 


Modern theories of probability functions could 
help us. They introduce the correlation function, which 
is defined by the mean of the product 


Fir = Fe Fit-t 


and also the cross correlation function, which is 


written eee 
Gin= Fit g(t-7) 


The apparatus known as ‘‘lock-in’’ allows us to 
realise easily these two functions 2. The point is that 
we can get free of the time T, that fixed for us the 
frequencies. 


These theoretical considerations show us that any 
system can give interesting results, but one must be 
very prudent in the interpretation, and always refer 
to the mathematical principles that underlie them. 
Anyhow, the correlation function method seems to 
open easily the door to a great deal of research. 


2 Manus. Are. Sc., Geneva 3, 1950, 19. 
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1 and 2. The organization of the normal and patho- 
logical electroencephalogram: cortical mech- 
anisms regulation and reactivity. — C. G. LaAtry 


and P. Det (Paris). 


This report will be published in extenso in the 
Revue Neurologique. 


3. Electroencephalographic investigations on the 
cortical reactivity. Variations in the latency of 
the cortical responses to intermittent photic 
stimulation. — E. CriGHEL, R. BROSTEANU and 
V. NESTIANU (Bucarest). 


Using an electroencephalographiec method in un- 
anaesthetised cats the authors have found that there 
is a cortical response to each stimulus and that the 
latency of this response varies within the train of 
a period of stimuli. The latency of the response to 
the first stimulus has an average value of 28.97 msec. 
For the 2 to 4 following stimuli this latency increased 
by as much as 95 per cent and then returned to the 
initial value. This again was followed by a period 
characterised by regular oscillations around a mean 
value and finally these oscillation became completely 
irregular. The standard deviation was about 4.49. 


During barbiturate induced sleep and in the post- 
ictal period immediately after a convulsive attack, 
the average value of the latency diminished by as 
much as 54 per cent and the standard deviation by 
60 per cent. During the state of increased cortival 
excitability after intake of cafein or pervitine, the 
latency values increased by as much as 396 per cent 
and the standard deviation by 200 per cent. 


The cortical response is due to a synchronization 
of a cellular complex where interneurones play a 
predominant role. During the inhibitory state there 
is a simplification of the complex relationships and 
therefore a diminution of the latencies. During excita- 
tion, there are longer latencies which indicate a 
greater complexity of the cortical structure. 


4. The constant of electrogenesis as an expression 
of the regulation of the electrical activity. — 
ZENON DrROHOCKI (Paris). 


The electroencephalogram was submitted to a 
quantitative analysis by systematic measures of its 
mean amplitude with the electronic integrator of 
Drohocki. These measurements were carried out in 
humans and in animals during wakefulness at in- 
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tervals of 1 sec. during periods of different duration. 
The results of these measurements were represented 
in histograms corresponding successively to periods 
of decreasing duration. Whatever the duration of 
these measurements, one always finds the same general 
characteristics. (1) All these distributions are normal 
and can be defined by their usual parameters. (2) 
The position of the maximum (mode) is constant in 
the same individual. (3) The mean of one individual 
does not change in any significant way. (4) The 
variance is always small. Every electrogenesis is 
therefore confined to a very small zone and grouped 
around a central and maximal value which is constant 
in one individual. The fact that the same principal 
of organization and the same parameters are found 


at every temporal scale, demonstrates the existence. 


of a regulatory mechanism. Each territory seems to 
have its proper regulation which is well defined by 
the parameters of the amplitude distribution. Under 
the influence of small doses of certain drugs this 
regulation can be established at a level which is dif- 
ferent from the normal one. This is evidenced by 
significant modifications of the mean and the va- 
riance, as well as by displacement of the maximum. 
Massive doses of these drugs destroy any regulation 
and this is evidenced by the disappearance of the 
normal distribution. 


5. Rapid rhythms and reactivity of the EEG during 
surgical anaesthesia. — G. ARFEL-CAPDEVIELLE, 


G. Vourc’H, R. KERNEN (Paris). 


The electroencephalogram was recorded during 
anaesthesias carried out in 98 general surgical opera- 
tions, among which 12 major abdominal interventions 
of a duration varying between 2 hr. and 6% hr. 
The electroencephalogram was observed from the pre- 
anesthetic period on until the post-surgical phase of 
re-awakening. 

Among the several rhythms which characterised 
the usual anaesthesia, only the rapid activity will be 
the object of this report. 

Its characteristics both from the morphological 
and topographical point of view, will be considered, 
as well as the reactions to different stimuli. These 
elements were studied in the different periods where 
this type of activity was manifest or presented the 
predominant element of the record: that is during the 
induction first of all, and then during stages of light 
anaesthesia in the course of the surgical interventions. 


Two examples were given in this study: 

1. A simple anaesthesia, in this ease an ether 
anaesthesia, in which the different clinical stages are 
easy to evaluate (stades of Guedel). 


2. A type of combined anaesthesia (induction: 
penthobarbital, maintainance of the anaesthesia at 
a light level: nitrous oxide, oxygen and intermittent 
administration of small doses of penthobarbital, Pe- 
thidine and d-Tubocurarine). In this type of an- 
aesthesia rapid activity was recorded during the major 
part of the surgical intervention. 

Different reaction patterns characterised the rapid 
activities observed during induction and during sur- 
gical intervention. During induction and most spe- 
cifically during analgesia the rapid activity still 
reacts, though in a somewhat variable way, to 
exogenous stimulation only. During this period the 
patient appears to be conscious at least he retains 
certain possibilities of making contact with his 
environment, Past memory and temporal and spatial 
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orientation are preserved, as well as special modalities 
of reaction. Only perception of pain is made obtused. 

During the surgical period the rapid activities 
although morphologically similar to those seen during 
induction, do not show the slightest reactivity not 
even in response to most violent stimulations. The 
mechanisms through which the rapid activities are 
produced or excited are reviewed in reference to 
opinions of different authors and particularly to 
those which interpret the rapid activities as to be 
correlated to a transient hyperactivity of the ascend- 
ing reticular system (Schneider, Rossi, Zirondoli, 
ete.). This hypothesis may be valid for the genesis 
of the rapid rhythm seen during induction but can 
hardly explain those seen during the surgical period. 


6. Variations of the arousal reaction in patients 
with disturbances of vigilance. Diagnostic in- 
terest of asymmetrical arousal reactions. — H. 
Bonnet and J. Courjon (Lyon). 

The mode of reactivity to sensory stimuli allows 
to evaluate the degree of disturbances of vigilance 
and by this to estimate the intensity of the cor- 
responding functional disturbance. These reactions 
are the same whatever the etiology of the coma: 
severe head injury, brain tumors, intercranial hema- 
toma, tubercular meningitis or any encephalitie pro- 
cess. 

In conditions whieh may be cured the mode of 
reactivity is of prognostic value. The absence of any 
reactivity is a major sign of the severity of the 
condition whatever the aspect of the spontaneous 
activity may be. Recovery is possible in certain cases 
but only in young subjects. The mode of reactivity 
resembling the patterns seen during deep sleep as 
characterised by reappearance of background rhythms, 
appearance of K-complexes or bursts of high voltage 
slow waves indicate a less severe disturbance and 
most often indicate that the process is reversible. 

These different modes of reactivity can evolve 
quite rapidly in their time course. During the same 
recording one may observe frequent changes in the 
type of the responses to sensory stimuli. The repeti- 
tion of the stimulus may finally lead to the extinction 
of the response and it is then necessary to use an- 
other mode of stimulation to produce a _ response. 
Most often, however, this leads to an augmentation 
of the reactivity and to a pattern more and more close 
to normal, that is to a desynchronization of the 
background activity. These rapid changes can be 
obtained with injections of novocaine, either by intra- 
venous route or by infiltration of the carotid sinus. 

When disturbances of vigilance are present, focal 
abnormalities tend to disappear and the risk is then 
real that, e.g. in the ease of a head injury, an inter- 
cranial hematoma may not be recognised. In cases 
of brain tumor the loealization and often even the 
lateralization of the process may sometimes then be- 
come impossible. 

In those cases the asymmetry of the mode of 
reactivity becomes of capital importance, since local- 
ization may only be possible on the. basis of such 
an asymmetry. The arousal reaction may be com- 
pletely absent on the side of the lesion. More often, 
however, there is only an asymmetry in the type and 
morphology of the arousal reaction, affecting the 
frequency the amplitude and duration of the induced 
changes. On the side of the lesion the arousal reac- 
tion is then more abnormal and indicates that the 
mechanisms maintaining alertness are more disturbed 
in this hemisphere than in the other. 


726 


7. Topographical analysis of the reactivity of the 
electroencephalogram during sleep in small 
children. — C. Bianc, C. Dreyrus-Brisac, H. 
FiscHGOLD (Paris). 


Reactivity to auditory and cutaneous stimulation 
was studied in children from the new born age on 
to the age of 3 years. 

Until the age of three months the responses are 
generalized and consist in a general flattening of the 
record or in diffuse bursts, or in responses showing 
two stages. After the age of three months these 
responses change. They become higher in amplitude, 
sharper in form appearing in the form of a slow 
negative sharp wave, particularly over the central 
region. They still remain generalized. 

At the end of the Ist. year of life, there is a 
modification of these unspecific reticular responses. 
A topographic organization of the reactivity appears 
which was studied with the referential method of 
Goldman-Wilson. It is possible to observe either 
generalized synchronous responses or localized re- 
sponses confined to rolandie or frontal regions, frontal 
and occipital areas, or in occipital areas alone. In 
these cases the different cortical areas do not reg- 
ularly respond together to each stimulation. The 
morphology of the responses is not the same for all 
the territories. The responses in the rolandic region 
assume the form of sharp diphasic spikes of high 
voltage which occur either in an isolated or repetitive 
manner. The frontal responses more often have the 
form of slow sharp waves. The occipital responses 
consist of slow waves of variable morphology. 

Variations in distribution of these unspecific 
electrical responses have to be considered in the light 
of physiological and anatomical data and are in 
relation with a topographical organization within 
systems of thalamo-cortical connections. The appear- 
ance of the topographical organization of the activity 
at the age of 2 years is probably the first expression 
that these systems begin to function and therefore 
corresponds to an important stage in the process of 
cerebral maturation. 


8. Abnormal forms of arousal reactions in the 
infant. — C. Dreyrus-Brisac, C. BLanc, P. 
KRAMARZ (Paris). 


The study of the electrical activity during sleep 
is an essential step in the investigation of cerebral 
activity in the infant. Often abnormal responses are 
recorded while the spontaneous activity during wake- 
fulness and sleep may appear normal. These responses 
are abnormal due to their long duration (10 sec. to 
a minute or even more), their generalization and their 
abnormal amplitude (300-500 ywV.). They sometimes 
are very slow showing a frequency of only 1 ¢/sec., 
quite monomorphous in their activity, or they may be 
more rapid (4-5 ¢/sec.) sinusoidal in form and rhythm- 
ical in character. The slow waves are sometimes 
associated with spikes. The essential characteristic 
of these discharges seems to be their repetitive nature 
which suggests the existence of a pathological dis- 
position to self-sustained activity reminiscent of the 
characteristics of epileptic afterdischarges. 


These abnormal responses are often encountered 
in very abnormal children (encephalopathy with or 
without epilepsy, mental retardation). They are then 
often associated with abnormal sleep tracings with 
high amplitude and monomorphous character. Ab- 
normal electrical activity during wakefulness is not 
so often encountered in these patients. These changes 
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are of great interest in children with rather mild 
involvement where they often constitute the only elec- 
trical sign of an existing abnormality. 

The existence of such arousal reactions of a 
diffuse character, of high amplitude and repetitive 
in character are often recorded in children of 10 
months to 2 years of age which recovered from 
meningitis and often suffered from febrile convul- 
sions. These may be the expression of a cerebral 
reactivity with tendency to self-sustained activity. 

These abnormal arousal reactions could therefore 
be considered as a means of physiological activation 
permitting to appreciate certain tendencies to con- 
vulsive attacks. 


9. Electroencephalographic changes in_ relation 
with paroxysmal disturbances of consciousness 
of a cyclic type. Presentation of a syndrome 
of probably encephalitic origin. — TH. KAMME- 
RER, R. RoOHMER, L. ISRAEL and L. SINGER (Stras- 
bourg). 


The authors present four cases which were ob- 
served during a period of at least three years. The 
eases suffered from paroxysmal disturbances of con- 
sciousness characterised by coma, or subcoma, episodes 
of confusion with excitation which were precipitated 
by emotional factors. The presence of neurological 
signs and especially the encephalographic disturbances 
which were very marked exclude the possibility of a 
purely neurotic, i.e. psychogenic process. One of the 
cases died and came to autopsy and signs of chronic 
encephalitis were found. The EEG changes in these 
eases reflect faithfully the disturbances of conscious- 
ness and constitute a good index of ‘‘destructura- 
tion’’. The association of clinical, electrographic and 
anatomical signs in these cases seems to constitute 
enough evidence that we are dealing with a noso- 
logical entity, which was hitherto not recognised as 
such. 


10. Electroencephalographic study of some cases of 
hepatic coma. — R. CLocue (Paris). 


This study concerns a group of patients which 
during the course of cirrhosis of the liver, presented 
comatose episodes. The EEG expression of these 
states which are characterised- by extreme variability 
of disturbances of consciousness is often very peculiar. 

In six patients which were examined during 
hepatic coma the following EEG changes were ob- 
served: 

(a) A very rhythmical and regular delta activity. 

(b) Complex and characteristic patterns made 
up of numerous elements of high amplitude and sharp 
character, often triphasic with a positive component. 

(c) The high variability of these patterns with 
changes of the electrogram occurring from one day 
to the next. 

(d) In subjects which were examined only when 
the coma cleared or in pre-comatose states with minor 
mental disturbances, there was often only a slow 
rhythm of the theta frequency band sometimes inter- 
mingled with some delta waves. 


The interest of this study lies in its importance 
for the interpretation of the etiology of the hepatie 
coma which is still not clearly elucidated. It seems 
that this is a toxic coma. The relationships which 
may exist between these electrographic changes and 
certain biochemical disturbances are discussed, espe- 
cially with the disturbances of metabolism of nitrogen 
containing compounds. 


11. EEG studies in two cases of unconsciousness 
with prolonged insomnia. — P. MATHIs and H. 
FIsCHGOLD (Paris). 


The authors studied two patients who after a 
period of acute coma remained in a state of uncon- 
sciousness which was nearly total, but seemed to be 
incapable of sleep. They remained for a period of 
more than four months in a state of decerebration 
with widely opened eyes. The dissolution of the 
functions concerned with the relation to the environ- 
ment, the impossibility to understand and to respond 
remained total, but these characteristics of the coma- 
tose state contrasted with an ocular syndrome which 
was that of vigility and with the abolution of 
spontaneous sleep. 

The EEG tracing of the first patient which was 
taken with the eyes opened or half closed showed a 
periodical appearance of slow waves appearing in 
bursts which were bilateral and located in anterior 
head regions. Such bursts of the same monorhythm- 
ical character could be precipitated by auditory, noci- 
ceptive and proprioceptive stimuli. After intake of 
Largactil or Nembutal the lids drooped and there 
was an upward turning of the ocular globes as is 
seen in physiological sleep; the periodicity and re- 
activity of the electrogram were accentuated and the 
waves of diffuse projection were slowed down to 1 
e/sec. and were accompanied by acceleration of re- 
spiration. 

The second patient gave the impression of being 
anxious and suffering from pain, did not close her 
eyes, neither at day time or night time, and from 
time to time emitted piercing screams. Her EEG was 
flat. A psycho-galvanic reflex could however be 
recorded and there were responses to intermittent 
photic stimulation. 


With Pentothal and Nembutal sleep could be 
induced. The eyes were closed, the facial expression 
became relaxed but the electrogram remained flat 
almost linear. Any cortical regulation, any period- 
icity or reactivity was absent, both with eyes open 
and closed, or during drug induced sleep. This proves 
that coma can be dissociated from hypersomnia and 
these two cases prove that prolonged loss of con- 
sciousness can go along with abolition of spontaneous 
sleep. 


12. Electrographic studies of the degree of vigilance 
during a prolonged course of traumatic coma. 


— R. Fau (Grenoble). 


The author reports on the observation of a patient 
with a severe head injury who two months after his 
accident came out of his coma and showed a constant 
oscillation between a state of semi-vigilanee and a 
state of profound somnolence. The EEG was taken 
during the semi-vigilant state showed a permanent 
delta rhythm which did not react to stimulations. 
During somnolence the delta disappeared and a 7 
c/sec. rhythm was present which did react to auditory 
stimulations. This patient was seen two months later. 
He was no longer somnolent but semi-alert and 
nearly demented. At this time his EEG was flat, 
completely disorganised and with an intravenous in- 
jection of chlorpromazine a 7 ¢/sec. rhythm appeared 
together with a normal reaction to different stim- 
ulations. This observation allows to compare the 
effect of spontaneous somnolence with the effect of 
chlorpromazine. In both eases the tracing tends to 
become more normal, whereas it is more abnormal 
when the state of vigilance increased. One ean there- 
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fore describe three stages: (i) a stage of vigilance 
and maximum disorganization of electrical activity; 
(ii) a stage of very attenuated vigilance character- 
ised by a delta rhythm, and (3) a stage of som- 
nolence characterised by a physiologieal rhythm at 
7 e/sec. The variations of the tracing with som- 
nolence are therefore very different in a normal brain 
than in a comatose brain. Somnolence seems to be 
a physiologically different state from sleep and coma 
and seems to be, therefore, for the sick brain what 
the relaxed state is for the healthy brain. These facts 
allow us to understand why the action of chlorpro- 
mazine on the EEG is very different on a abnormal 
brain and on a normal brain. 


13. Correlations between the pulse frequency and 
the frequency of the EEG (preliminary note). 
— CLAupE Leroy (Statistical validation by G. 
Marcu) (Paris). 

The author records in all his patients the EEG 
and the electrocardiogram (taken from left to right 
hand) simultaneously at rest. These studies were all 
carried out in mental patients. In this study only 
subjects were used who did not receive any treatment, 
since any therapeutic measures, especially ‘‘neurol- 
eptic’’ drugs would considerably modify these cor- 
relations. The results are as follows: 

187 cases of all ages: 


Basic EEG Rhythm Average of the EKG 


im every group 


8 71.9 
9.10 79.3 
11.12 83.2 
General Averages 
9.27 77.8 
Standard Deviation 
2 11 


Since the statistical study showed an important in- 
fluence of the age, a group of 107 cases was sampled 
where the age ranged between 25 and 50 years: 


Standard deviation 
11 yrs. 4 mo. 


Mean age 
34 years 6 mo. 
Mean EKG 82.3 Standard deviation 15.03 
Mean EEG 10 Standard deviation 2.06 


Bravais-Pearson coefficient: r EEG/EKG — +4 0.444 
significant at .01 limits of confidence at Z of Fisher 
at 01; 9:264 

~~ O58? 

In this small sampling of patients no correlations 
with diagnosis can yet be made. 

The frequency of the electrocardiogram is de- 
pendant upon the sympathic tonus which in turn 
depends upon the reticular system. The encephalo- 
gram (background activity) is also dependent upon 
these systems. .We intend to record the respiration 
under the same condition and to re-examine a greater 
number of patients. 


14. EEG studies of the processes of connection 
formation between a light stimulus and a sound 
stimulus in the cat. — M. Jouvet, O. BENoIT, 
J. Courjon (Lyon). 

The electrical activity of the cortex and the sub- 
cortical structures was studied in cats with chronically 
implanted electrodes. Intermittent sensory stimula- 
tion followed the presentation of a continuous light 
stimulus. 
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The connection formation between the two stim- 
uli was manifested by two phenomena: (a) the ap- 
pearance of a generalised cortical and subcortical 
response to light in the form of spindles. This was 
a very unstable phenomena; (0b) an important facil- 
itation of the cortical responses to intermittent sen- 
sory stimulation. In no case was it possible to obtain 
a conditioned response to light on the auditory cor- 
tex which was at the same frequency as the intermit- 
tent sensory stimulation. 

When a ‘‘meaning’’ was given to the inter- 
mittent sensory stimulation (through association with 
an electric shock to the paw) stable responses ap- 
peared: 

(a) the light alone will then produce the onset 
of slow waves in cortical and subcortical structures; 


(b) the action of differentiation, extinction and 
external inhibition upon the latter phenomena was 
studied. 


It is probable that the reticular formation and 
the diffuse thalamic system play a role in these 
conditioning processes. 


15. Conditioning of generalized hypersynchronous 
discharges in cats with epileptogenic lesions. — 
F. Morrett (Minneapolis) and R. NAguet 
(Marseille). 


The authors studied the electrographic condition- 
ing in cats with cortical epileptogenic lesions. The 
recordings were carried out by means of chronically 
implanted electrodes. The animals were unanaesthe- 
tised and placed in a hammock. 


The conditioned stimulus was a continuous sound 
of feeble intensity and the unconditioned stimulus 
was a light which was delivered at different fre- 
quencies. 

In animals with epileptogenic scars in the region 
of the gyrus lateralis the unconditioned stimulus 
provoked (i) an asymmetrical driving response in the 
occipital region; (ii) a hypersynchronous generalized 
response of an abnormal type which started in the 
occipital region where the lesion was placed, and 
which did not necessarily stop after the end of the 
unconditioned stimulus. 


It is interesting to note that this response could 
be conditioned and that it followed the different 
modes of extinction, differentiation and restauration. 


16. Conditioning of hypersynchronous discharges of 
the myoclonic type induced by Cardiazol injec- 
tion into the cat. — R. Naquet (Marseille) 
and F. Morrett (Minneapolis). 


Using the same technique of conditioning which 
was reported by Morrell and Naquet the authors 
tried to condition the hypersynechronous response of 
myoclonic and generalized character which was _ ob- 
tained by intermittent photie stimulation combined 
with slow injection of Cardiazol at 5 per cent. 

The animals which were used were either normal 
or had an epileptogenic lesion. It was proven that it 
is possible to condition this response and that this 
response followed the laws of differentiation. How- 
ever the level of optimal Cardiazol concentration is 
difficult to mai tain. When the level of Cardiazol 
concentration is too high differentiation of the re- 
sponse is no longer possible. The response is then 
also elicited by stimuli of an entirely different nature, 
and it cannot be considered any longer as a con- 
ditioned response. 
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The type of responses obtained were similar in 
both types of animals used, but it was more easily 
elicited in animals with an occipital lesion in which 
the Cardiazol facilitated the generalized hyper-syn- 
chronous discharges which occurred also spontaneously 
and confered to them a myoclonic character. 


17. Supramaximal inhibition studied by electro- 
encephalographic methods on the rabbit. — C. 
Porov (Paris). 


This report deals with a study of supramaximal 
inhibition. This was observed after an intense stim- 
ulation, which in its intensity went beyond the optimal 
level for the excitation of the animal. Different 
stages which appear in the course of such inhibition, 
called ‘‘stages of sleep’’ were studied in animals, 
which were not prepared, by taking the electroenceph- 
alogram corresponding to every individual one of 
these stages. During supramaximal inhibition these 
stages follow each other in reverse order to that 
described by Pavlov for sleep. The EEG then showed 
the following aspects: quiet tracing, flat record, 
paradoxical stage and return to the initial pattern. 


This study confirms the results obtained in 1954 
in man where an entirely different method was used, 
consisting in presentation of consecutive images. 

In the animal, the flattening of the record ex- 
presses as in man, the presence of one ‘of the stages 
of inhibition. The profound and less profound para- 
doxical stages are evidenced by the apparent return 
of the spontaneous activity, which is, however, char- 
acterised by absence of responses to various stimuli. 
In the animal, these stages follow those characterised 
by a flattening of the record and correspond to the 
subliminal inhibition which was demonstrated in man. 
Moreover, in man as well, the appearance of sponta- 
neous activity was observed, while the response to 
different stimuli were abolished or at least modified. 


18. A topographical study of conditioned electro- 
encephalographic reactions which occur inde- 
pendently, simultaneously or successively in 
different cortical regions in man. — H. Gas- 
TAUT, A. and C. Jus, F. Morrett S. DONGIER, 
H. Recis and A. RoGer (Marseille, Lodz and 
Minneapolis). 


The authors demonstrated that a sound previously 
ineffective in producing EEG changes produces a 
conditioned blocking of the contralateral rolandic 
rhythm (‘‘rythme en arceau’’) if the sound regularly 
precedes a somesthetice stimulus capable of producing 
an uneonditioned blocking of this rhythm. The con- 
ditioned rolandie blocking is also obtained when the 
exteroceptive or passive proprioveptive stimuli are 
replaced by an active propriocepmye stimulus as re- 
presented by the action of making the fist on com- 
mands given by the experimenter. It is then observed 
that the blocking of the contralateral rolandie rhythm 
occurs somewhat earlier than the reflex conditioned 
motor reaction. It is also observed that the over- 
reinforcement of the motor reaction carried out ac- 
eording to a verbal method developed by Ivan-Smo- 
lenski, also reinforees the EEG reaction, which then 
no longer is only contralateral but becomes evident 
in the rolandie region of both hemispheres. Finally, 


it is possible to produce a conditioned blocking of 
the rolandi¢ rhythm by instructing the experimental 
person to make the fist as soon as a light stimulus 
is given. An auditory stimulus is then delivered reg- 
before the 


ularly light stimulus and aets as_ the 
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conditioned stimulus. Under these circumstances, it 
is observed that the introduction of light as a sup- 
plementary unconditioned stimulus does not neces- 
sarily produce a conditioned blocking of the occipital 
rhythm. If such a transitory blocking occurs, it 
predominates on the side of the hemisphere contra- 
lateral to the hand making the fist. The task of 
making the fist seems therefore to represent a bio- 
logical signal of greater importance than the pas- 
sive illumination of the retina and this seems to 
produce a formation of a dominant focus of excitation 
in the sense of Oukhtomski which interfers with the 
occipital foeus of excitation. 

The repetition of combined stimulation, the fail- 
ure to reinforce the conditioned stimulus or the use 
of a new sound, induced the appearance of phenomena 
of supramaximal inhibition, of extinction or differen- 
tiation which in the EEG are expressed by a local 
reinforcement of the rolandie rhythm, before taking 
the form of a generalized slowing of the background 
rhythms (sleep tracing). 

Simultaneous electroencephalographic studies of 
different territories therefore discloses in man the 
dynamic processes taking place in the cortex. This 
method allows to give objective evidence of the 
elaboration of temporary connections, and of the 
mobility of foci of cortical excitation and inhibition. 


19. EEG conditioning of epileptic discharges and 
the concept of reflex-conditioned epilepsy. — 
H. Gastavut, H. Recis, S. Donorer and A. 
ROGER (Marseille). ‘ 
The authors attempted to condition the spike and 

wave and multiple spike and wave discharges uncon- 
ditionally precipited by intermittent photic stimula- 
tion in photo-sensitive epileptics by using sound as a 
conditioned stimulus. In two patients with a photo- 
sensitive form of petit mal attacks, in which the ab- 
sences and myoclonic jerks were favoured or pre- 
cipitated by certain traumatic situations, conditioning 
was obtained after about twenty trials of combined 
sound-light stimuli. The discharges thus conditioned 
obeyed the laws of extinction, restauration and dif- 
ferentiation. The authors are of the opinion that 
these conditioned epileptic discharges are dependent 
upon inhibitory processes of an active character which 
are accumulated in the reticular formation and they 
consider this as supplementary evidence for the in- 
hibitory mechanism of petit mal, a notion which was 
supported by one of them a long time ago. 


On the basis of these two observations, and in 
view of all the clinical cases which the authors have 
observed personally or found described in the liter- 
ature, they propose to recognise the existence of 
certain forms of epileptic attacks of a reflex con- 
ditioned origin, which would especially apply to those 
precipitated by an emotional factor (affect-epilepsy 
including musicogenic epilepsy). They think that the 
reflex conditioned attacks are very frequent but are 
often not recognised as such, because of the great 
number of signals which constitute in the course of 
ontogenesis the temporary links (direct or in chain) 
with the epileptogenic focus and which then become 
apt to precipitate attacks. 


20. Electronic model of the conditioned reflex. — 
P. Nayrac, L. Masse and J. Dujarpin (Lille). 


The authors present an electronic apparatus with 
two switches, which stand for the specific and for 
the unconditioned stimulus. The reaction is repre- 
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sented by a cathode indicator. The functioning is 
obtained by the charge of a condenser without inter- 
vention of a damped oscillator. 


21. Automatic device for monitoring and marking 
stimuli used in conditioned reflex work. — A. 
REMOND, N. LESEvRE and A. RieocHeE (Paris). 


The authors here describe an apparatus that al- 
lows the automatic monitoring of different phases of 
a conditioned reflex, e.g., the beginning and end of 
two stimuli, e.g. sound and light, to take the most 
classical association of two stimuli. This apparatus 
comprises the a priori regulation of three intervals 
as follows: 


(1) The interval separating the onsets of the 
unconditioned and of the conditioned stimulus; 


(2) The duration of the stimulus; and 


(3) The interval separating the ends of the Ist. 
and of the 2nd. stimulus. On a single tracing taken 
from the input of the amplifier individual marking 
of the onset and the end of each phase of the com- 
mand of the reflex, as well as the response of the 
subject (reflex of Ivanov-Smolenski) becomes pos- 
sible with this apparatus. 


22. Electromyographic study of 12 cases of spas- 
modic torticollis. — F. Turesaut, F. Iscn, C. 
Iscu-TREUSSARD and J. Jourrroy (Strasbourg). 
In twelve cases of torticollis the authors have 

recorded the electrical activity of the posterior cer- 
vieal paravertebral muscles and of the sterno-cleido- 
mastoideus with needle electrodes devised by Bronck. 
These electromyograms were taken at rest and during 
voluntary flexion, extension, rotation and lateral 
flexion of the head. The four varieties of spasmodic 
torticollis were studied: that is, lateral right and 
left, pre- and _ retrocollis. The observations of 
previous authors (Herz, Tournay and Paillard) were 
confirmed. As deseribed by these authors there was 
always a bilateral distribution of the abnormal activ- 
ity in the muscles which were studied and it was 
also found that the character of this activity was 
sometimes continuous and sometimes rhythmical. 

The disturbances of muscle activity during the 
movement of the head were more or less pronounced 
in the different tracings. In certain patients signs 
of extra-pyramidal involvement were found and were 
also studied in the muscles of the trunk and the 
extremities. 

Three tracings could be studied at different oc- 
casions and in one patient studies were carried out 
before and after surgical intervention. 


23. Experiments with photo-electronystagmography 
(PENG). — H. R. RicuTer (Basle). 


The problem of individual calibration. The 
methods based on the perimeter of Foerster are not 
sufficiently efficient in view of the fact that the 
method proposed by the author is 15 to 20 times as 
sensitive, than the usual electro-oculographic record- 
ings. 

' Thus a special arrangement of light signals at 
the ceiling of the Faraday cage allows to carry out 
calibrations of minimal ocular movements. Controls 
by an individual calibration before and after caloric 
test e.g. can be carried out without requiring any 
change in position of the patient. Asymmetry in 
sensitivity of the two photo-electric cells can easily 
be recognized and corrected. 
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With a selector, it is possible to choose deviations 
of 2°, 5°, 10°, 15°, 20° and 30° to the right or the 
left, from the point of fixation. The calibration can 
very easily be repeated. Lineal responses are recorded 
between 2° and 20°. The high sensitivity of the 
photoelectric arrangement is characterised by a signal 
of 200-250 microvolts for an angular movement of 
the eyes of only 2°. 


24. Goggles for the recording of electro-oculograms. 
— V. GABERCEK and A. RémMonp (Paris). 


A plastic frame which is worn on the face like 
goggles supports the grooves in each of which a pair 
of electrodes is mounted. The distance between the 
electrodes can be regulated as well as the orientation 
and the individual position of each groove in relation 
to the ocular globes. An unpaired electrode is fixed 
in the midline on the frame and its position can be 
regulated vertically. It records the potential from 
the nasion. 


The application of the oculographie goggles can 
be rapidly performed and allows simultaneous record- 
ing in all directions of the potential variations going 
along with eye movements. The goggles are devised 
in order not to interfere with vision nor with the 
conventional methods of recording brain potentials. 


25. Concerning 4 c/sec. rhythms in posterior head 
regions in old head injuries) — P. Nayrac 
and M. BeEaAussarT (Lille). 


The authors report on 5 cases in which electro- 
encephalograms were taken 10 months and 3 years 
after the head injury. The study deals only with the 
posterior rhythms which are characterised as fol- 
lows: frequency varying between 3.5 to 4.5 ¢/sec.; 
distribution of reactivity as normal alpha rhythm, 
appearance either continuously or in organised bursts; 
monorhythmic and monomorphus elements; bilaterality 
and synchronism. These rhythms are never sinu- 
soidal but always asymmetrical in relation to the 
iso-electric line. The envelope of the bursts never 
assumes the form of a spindle. 

No relationship could be established between the 
type of head injury (severe or benign) and objective 
neurological signs on one hand and the degree of 
development of 4 c¢/sec. rhythms in posterior head 
regions on the other hand. It was particularly noticed 
that the most spectacular 4 ¢/sec. rhythms in which 
this activity was prominent was recorded from a 
rather large area extending forward from the oc- 
cipital region in a patient who had suffered a rel- 
atively minor head injury. The only symptoms which 
are common to all these patients were those of a 
subjective complaint of the usual character. There 
were no signs suggesting hypothalamic lesions. 

As Gastaut et al. have pointed out, the com- 
parisons with other slow activities in posterior head 
regions as e.g. those observed in tuberculous menin- 
gitis and those sometimes observed between the bursts 
of spike and wave discharge in ‘‘petit mal’’ show 
that: 

(1) In the first case there is a certain similarity 
with the records correlated with lesions of the base 
of the brain, but not with the typical pattern of 
sinusoidal monorhythmia of a slow form and posterior 
distribution, as described by the Montpellier school, 
in which the rhythms are essentially slower and more 
sinusoidal and are the expression of a mechanical 
and progressive process (hypertention of the C.S.F. 
in the 3rd. ventricle or basal arachnoiditis). 
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(2) In the second case there is a similarity 
only when the activity is slow and not very high in 
amplitude and does not appear in paroxysmal bursts. 

Similar slow activities were observed in other 
cases, one of them was a functional dysphonia and 
van Reeth reported one in 1952 in a psycho-neurotic 
patient, in which the neurological examination was 
negative. 

In conclusion, one may say that these electro- 
graphic patterns are rarely observed in old head in- 
juries and the pattern and its clinical accompanying 
symptoms suggest that it is related to disturbances 
in centrencephalic and diencephalic mechanisms. These 
disturbances are more likely to be the expression 
of a dysfunction rather than of a lesion and do not 
seem to show any tendency to progression. 

A long range study of the evolution of reactivity 
of this pattern is being undertaken by the authors. 


26. Electrographic study of head injuries in chil- 
dren. — A. LERIQUE-KOECHLIN and N. TEyson- 
NIERE DE GRAMONT (Paris). 


651 tracings in 274 children were studied: 165 
EEG were taken in children less than 15 days after 
the trauma and 67 patients were followed during 1-6 
years; 50 per cent of the initial tracings were nor- 
mal. The abnormal EEG presented slow waves which 
were often localized in temporal, parietal or occipital 
regions. In 76 cases this was homolateral and in 21 
cases contralateral to the impact of the injury. In 
44 abnormal electroencephalograms of patients with- 
out fracture, it was possible to correlate the electro- 
graphic with the clinical signs and to make the 
diagnosis of hematoma in 10 instances. The age of 
the child (2 months to 15 years) did not bear 
any relationship with the severity of the EEG 
changes, but the severity of the traumatism and the 
severity of the loss of consciousness, hemiplegias and 
convulsive seizures, when they render more serious 
the clinical prognosis, are accompanied by more im- 
portant alterations of the EEG tracing. 

Two out of 19 patients recovered without se- 
quelae after one year, but only 58 of the 133 abnormal 
EEG’s became completely normal again and only 
very slowly so. Slow waves and theta rhythms per- 
sisted very often. In 13 cases localized or generalized 
spike-and-wave complexes were recorded, 6 times 
without clinical epilepsy. In 15 cases intermittent 
photic stimulation became effective in producing 
abnormal activity. The reaction to hyperventilation 
very often remained very marked. 


In summary, it is very important to follow up 
for long periods the EEG records of children who 
have suffered head injuries. There is a possibility of 
late epilepsy. The EEG is very valuable in localizing 
an extradural hematoma. It is also a very important 
prognostic aid in light head injuries. 


27. Electroencephalographic study of hypothalamic 
amenorrhea. — F. Ronmer, R. GANDAR, A. 
WACKENHEIM and A. HOLLAENDER (Strasbourg). 


EEG studies of hypothalamic amenorrhea were 
carried out in 26 cases and showed that in 14 cases, 
that is, in a rather high proportion, there were 
pathological alterations of the electroencephalogram. 
The recorded abnormalities in these 14 cases allowed 
to recognize the diencephalic dysfunction in 11 cases 
(4 times atypical spike and wave discharges and 7 
times alterations of the modulation of the type seen 
in disturbances of arousal mechanisms). These find- 
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ings and the high proportion of abnormal records 
are very interesting from the practical point of view 
and justify including the EEG as a complementary 
examination among the methods of investigations to 
be used in eases of hypothalamic amenorrhea. 

From the theoretical point of view it is interesting 
to note that EEG studies of hypothalamic amenor- 
rheas showed that in cases with electrographic signs, 
as they are typical for diencephalic disturbances, 
there was always correlation with atrophy of the 
endometrium. The inverse relationship, however, did 
not exist. These EEG data would confirm the hypo- 
thesis of Reifenstein, without excluding the possibility 
of a hypothalamic origin of certain amenorrheas with 
hyperplasia of the endometrium. 

The association of hypothalamic amenorrhea with 
obesity was found in 6 out of the 26 cases presented. 
These 6 cases showed a disturbance in regulation of 
the alpha activity. 

In 1 case continuous theta activity was found, 
which was similar to that which the authors have 
described in cases of Babinski-Froehlich syndrome or 
in Lawrence-Moon-Biedl syndrome and is also similar 
to that recently reported by Hughes and Summers to 
occur in the syndrome of Sheehan. 


28. Electroencephalographic studies in  Grave’s 
disease. —- M. Mico, E. BrosTEANo, AL. NI- 
COLESCO-CATARGI and B. Ionesco (Bucarest). 


The authors studied 23 cases of Grave’s disease 
which were hospitalized. Thirty-seven EEG’s were 
taken on these patients. Abnormal tracings were 
found in 26 out of the 37 recordings. The alpha 
rhythm was either dominant or associated with. other 
rhythms in 34 out of 37 recordings. In 33 tracings it 
was found that a rapid rhythm, ranging from 14 to 
26 e/sec. was either predominant or associated with 
other rhythms. This rhythm of small or moderately 
high amplitude was diffuse in 28 recordings. Theta 
rhythms were found in 26 recordings and were most 
marked in anterior head regions. In 12 records bi- 
laterally synchronous discharges of an epileptogenic 
type were found. 

With intermittent photic stimulation there was 
driving, especially with slow frequencies. In 2 cases 
of Grave’s disease the intravenous administration 
of Largactil produced a regularisation of the electro- 
encephalogram, together with diminution of theta 
activity and of paroxysmal discharges. 

The administration of Lugol solution did not 
modify the resting records but, after this treatment 
was performed for 12 days, it produced the appearance 
of a great sensitivity to hyperventilation. 

The intravenous injection of Thyroxin produced 
an acceleration of the alpha frequency, ‘an increase 
in the amount of rapid activities, the appearance or 
increase of theta rhythms and the disappearance of 
paroxysmal discharges. 

The authors discuss the origin and possible signif- 
icance of these EEG alterations. 


29. A contribution to the study of arterial hyper- 
tension. — O. SAGER, E. BrosTEANO, V. STA- 
NESCO, M. MoIsANO (Bucarest). 


In 61 patients suffering from essential arterial 
hypertension the EEG, the clinical symptomatology 


and the hemodynamic adaptation to effort was 
studied. The following conclusions were reached: 

1. The EEG abnormalities can be divided into 2 
groups: 
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(a) the first consists of abnormalities of an 
excitatory type with rapid background activity of a 
diffuse distribution and spike discharges and _ local 
rapid activity of great amplitude. These latter dis- 
turbances were found in 3 patients who died soon 
afterwards; 

(b) the second group consists of an inhibitory 
type of activity, with slow waves on a normal back- 
ground rhythm or a slow and diffuse dysrhythmia. 

In some cases the authors found paroxysmal 
discharges of an epileptic character. 

2. In the cases which were studied there was 
no correlation between the EEG changes and the 
changes observed in the fundus. 

3. When the hemodynamic adaptation to effort 
was deficient, the EEG was always altered. 

4. The patients suffering from this disease for 
more than 4 years showed mostly an EEG pattern 
of the excitatory type. 

5. The oscillating form of arterial hypertension 
was most often associated with an excitatory type of 
EEG, with diffuse rapid activity. 

The authors insist on the importance of using 
several methods of investigation to establish: a clin- 
ical prognosis. 


30. Two cases of post-traumatic extradural hema- 
toma in children. Similarities and particularities 
of their EEG tracing. — J. LeBascie, A. Mas- 
SEBCEUF and R. Acquaviva (Casablanca). 


The post-traumatic extradural hematoma is usual- 
ly considered as rare in children. The authors report 
two recent observations which showed similar clin- 
ical and EEG manifestations: 

(1) A coma of variable degree, accompanied by 
modifications of the cardiac rhythm. 

(2) An EEG tracing reminiscent of that seen 
during sleep, with attenuation or disappearance of 
rapid activities and of the slow, diffuse paroxysmal 
changes on the side of the lesion. After operation 
these tracings became rapidly normal again. 


The authors discuss some hypotheses concerning 
the origin of these electrographic manifestations. 


31. Electrographic and clinical correlations in 802 
head injuries. — R. and C. Raspacue, E. W. 
FUNFGELD and H. Gastaut (Marburg/Lahn, 
Marseille). 


In 802 eases of head injuries, having occurred 
mostly in young or middle-aged adults most of whom 
were examined between the first and sixth month 
after the trauma, or 2 or 3 years after, the following 
observations were made: 

(1) Almost half of the cases had perfectly normal 
eléectroencephalograms ; 

(2) One tenth of the cases showed desynchronized 
tracings and another tenth tracings with bilateral 
slow waves. Almost one tenth of the records was 
characterized by an alpha rhythm of a frequency 
of about 13 ¢/see. or by a rapid dysrhythmia of a 
generalized distribution. 

(3) Almost one-fifth of the cases showed an elec- 
trographie focus (4/7 of the cases of an irritative 
character and 3/7 of a non-irritative character), 
localized in the temporal region in 5/6 of the cases 
(left temporal region in 2/3 of these cases, right 
temporal region or bilateral temporal abnormalities 
in the remaining third). 

Since it is logical to include the rapid alpha 
rhythm and certain tracings with desynchronized ac- 
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tivity among the normal electroencephalographs, one 
can conclude that 40 per cent only of the head in- 
jury cases have abnormal electrograms which may be 
divided into 2 categories of equal importance: 

(1) The slow and rapid dysrhythmias and certain 
desynchronized electrograms, dysrhythmias which are 
dependent upon alterations of subcortical structures 
regulating cerebral electrogenesis (commotio cerebri 
affecting the brainstem). 

(2) Focal abnormalities related to an area of 
contusion most often localized at the site of contre- 
coup (lesion of the tip of the temporal lobe and of 
the para-rhinal area against the sharp edge of the 
lesser wing of the sphenoid and against the free edge 
of the tentorium). 


Among these abnormalities, those of a localised 
character are more significant. It is among those 
cases that one finds the highest incidence of post- 
traumatic neurological signs and post-traumatic ep- 


ilepsy. 


32. EEG studies in frontal syndrome due to tumors: 
an electrographic and clinical study of 60 cases 
of frontal and fronto-temporal tumors. — M. 
B. Dewy (Paris). 


The material here presented is studied in relation 
to different mental disturbances which constitute the 
frontal syndrome as seen in tumors. The anatomical 
and histological characteristics of the lesion do not 
explain the whole electrographic picture. Certain 
aspects especially the modification of the background 
rhythm and of its reactivity, but also the extent of 
the slow wave disturbances, can be correlated with the 
presence and importance of observed mental dis- 
turbances. 

These are schematically divided into three groups: 

(a) personality disturbances, involving especially 
affect and behaviour; 

(b) disturbances of attention; and 

(c) confusion. 

The extent of the abnormalities due to lesions 
represented by polymorphous delta activity depends 
upon the aspect of the background activity upon 
which it is superimposed. The study of these EEG 
changes allows to establish a regular progression of 
electrographic signs starting with a normal tracing 
and leading to a diffusely disturbed electrogram with 
bilateral delta activity of a diffuse character. This 
progression is not a direct relationship with the size 
of the tumor, but goes parallel with the increasing 
severity of the psychiatric symptomatology. The 
minimal abnormalities which are well localized when 
they are present are superimposed upon a background 
activity which in general appears to be quite normal. 
This is found in cases where mental disturbances are 
absent or only involve personality changes, whereas 
consciousness in the restricted sense is not affected. 
On the other hand, the extension of the abnormalities 
as shorestenyne by a deterioration, or even complete 
disappearance of physiological background rhythms, 
accompanied by global and important disturbances 
of the reactivity, is found in cases with massive 
mental disturbances affecting the function of con- 
sciousness. 


33. The electroencephalogram in 37 cases of intra- 
cranial meningiomas. — R. Rouvray and A. 
REMOND (Paris). 

The electroencephalogram in 37 patients with 
intracranial meningiomas, which were verified sur- 
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gically and anatomically, was studied. It was thus 
possible to give evidence for a certain number of 
characteristic changes which were common to electro- 
encephalograms corresponding to meningiomas of the 
same localization, and to indicate in what proportion 
the electroencephalogram allowed in this series to 
lateralize and localize the lesion. Moreover, the evolu- 
tion of preoperative and post-operative records could 
be studied in a certain number of these patients. 


34. The evolution of the EEG changes following 
psycho-surgical operations. — J. GAcHEs and 
M. Donpey (Paris). 

Parallel with a psychiatric study, 36 non-epileptic 
patients (either mentally ill or suffering from in- 
tractable pain) which were treated by pre-frontal 
psycho-surgical procedures, were followed up from 
the EEG point of view over a period of more than 
5 years. Nineteen among these patients could be 
subjected to a control EEG examination. Only one 
out of 36 cases were epileptogenic sequelae observed. 
However, in 7 cases the EEG showed paroxysmal ab- 
normalities, either of a typical or atypical character, 
without clinical manifestations. 

The residual post-operative EEG abnormalities 
disappeared in 12 cases after a period of not less 
than 6 months but of variable duration. Paroxysmal 
abnormalities usually appeared after an interval of 
24 to 30 months period. 


35. The influence of experimental epilepsy pro- 
duced by cortical stimulation upon responses 
of the specific and unspecific systems to audi- 
tory signals. — M. Jouver, O. BENoir and J. 
CourjJon (Lyon). 

Experiments were carried out on curarized or 
‘fencéphale isolé’’ cats. The responses recorded in 
auditory relay stations (cochlear nucleus and medial 
geniculate body), in unspecific structures (reticular 
formation) and on the auditory cortex, were studied 
after faradic stimulation of different cortical regions 
carried out at variable intensities. 

The stimulation of a limited area of cortex 
(sensorimotor, auditory I and II) produces an inhibi- 
tion of the auditory signals at the level of the first 
auditory relay station, i.e., in the cochlear nucleus. 
This fact is interpreted as evidence for the existence 
of corticofugal inhibitory fibers. A depression of the 
auditory responses in the medial geniculate body was 
also observed after stimulation of a wider cortical 
area. At the level of auditory area I, several phe- 
nomena can be observed: 

(i) inhibition of rapid and slow responses; 

(ii) inhibition of the slow response followed by 
a facilitation of the response with a slow afterdis- 
charge. 

In certain cases it was possible to obtain a 
persistent inhibition of the response in the reticular 
formation, while the responses in the specific systems 
had already become normal again. 

The significance of these observations is dis- 
cussed in relation to the question of cortical projec- 
tions to centrally located multisynaptic formations 
and in relation to disturbances of consciousness ob- 
served in certain epileptic states. 


36. The electrical activity of the hippocampus of 
the cat during an experimentally produced 
convulsive seizure. — A. KREINDLER, V. Voicu- 
— R. BrosTeanu and I. Vornesco (Buca- 
rest). 
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During a convulsive seizure precipitated by elec- 
troshock one finds in all cortical and subcortical de- 
rivations an electrical activity which is nearly syn- 
chronous. Only the record from the hippocampus 
forms an exception to this rule, since it seems to be 
made up of an association of several rhythms: 

(a) A perfectly regular rhythm of 12-14 ¢/sec. 
which is seen to usher in the hippocampal seizure and 
which resembles that recorded from other areas, but 
whereas the rhythm in areas outside the hippocampus 
rapidly slows down to 2-3 ¢c/sec., the frequency of 
the hippocampal rhythm slows down only slowly to 
about 10 c/sec. At this time each wave constituting 
the rhythm, doubles up. 

(b) A rapid rhythm of 20 ¢/sec. regular in form 
and entirely comparable to the ‘‘comb’’ shaped 
rhythm which the authors described in mesencephalic 
and diencephalic formations. It is highly probable 
that this rhythm, which appears toward the end of 
an epileptic attack in the diencephalic and mesen- 
cephalic formations is of hippocampal origin. 

(c) The rapid hippocampal rhythms are mo- 
dulated by slow synchronous waves appearing in all 
derivations and which are particularly manifest 
during the clonic phase. 

(ad) The presence of numerous spikes with an 
amplitude in excess of 1 mV. seems to be char- 
acteristic for the activity of the hippocampus. 

The particular pattern of the hippocampal 
rhythms suggests the existence of a special hippo- 
campal circuit which functions during the convulsive 
attack. 


37. One hundred and seventeen cases of paroxys- 
mal bilaterally synchronous EEG changes; an 
analysis of electrical and clinical varieties of 
this rhythm, its course in time and therapeutic 
results. —- E. MerurIcE (Liége). 


Among all the epileptic cases which were examined 
in the EEG laboratory of Liége the author selected 
all the electrograms presenting primary bilateral syn- 
chronous paroxysmal discharges: typical electrographic 
petit mal, atypical petit mal, myoclonic epilepsies, 
unspecific centrencephalic epilepsies. Two hundred 
and eighty-four records were thus studied which were 
taken of 117 patients, among which 69 were examined 
several times (in half of these patients the observa- 
tion period extended to two years). The -treatment 
given to these patients was suggested to the treating 
physician by the medical personnel of the laboratory. 

The electroencephalographic pattern of typical 
petit mal (not associated with multiple spikes) is 
characterized clinically by ‘‘absences’’ or by attacks 
without aura or by an association of both. The 
initial loss of consciousness can be considered as the 
‘‘aura’’ of purely centrencephalic attacks. 


Atypical petit’ mal was characterized by clinical 
symptoms of a more varied character. 

Myoclonie patterns and atypical centrencephalic 
patterns are only rarely associated with ‘‘absences’’ 
but with a great variety of attacks, among which 
many resemble closely the pattern of temporal lobe 
seizures. Only among these two groups was true 
photosensitivity encountered. Among 28 patients 
which were sensitive to photic stimulation, only 4 had 
paroxysmal discharges with photic stimulation only. 


In general the treatment with Diones (3 capsules 
a day on an average) plus 1 tablet of Epipropane 
was able to diminish the attacks in 65 per cent of the 
eases. When this treatment was without effect the 
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dosage was usually not sufficiently high. Adding 
hydantoines often improved the ‘‘temporal’’ com- 
ponent very markedly, which was found to be asso- 
ciated with the clinical and electraencephalographie 
picture in certain cases. 


In some of the records there was a change of the 
pattern during the time of observation. This con- 
sisted either in a transition from a bilaterally syn- 
chronous paroxysmal pattern to another which was 
more atypical or the electroencephalogram showed 
more, or in other cases less, evidence of a focal com- 
ponent. In a single case there was also a correlated 
change in the clinical pattern. Most of the patients 
seen were children. They greatly benefited by a 
treatment which was adapted to their individual needs. 


38. Correlations of electrographic and clinical symp- 
toms in 150 cases of nocturnal attacks, — M. 
TINANT (Namur). 


One hundred and fifty patients were studied in 
which the clinical paroxysmal manifestations were 
only nocturnal, consisting either in epileptic attacks, 
episodes of sleep walking, or nightmares. A few 
cases of narcolepsy were also studied. 


A general analysis of these cases showed that this 
group as a whole shows very little difference when 
compared with a control group of epileptics having 
diurnal attacks. 

Anti-convulsant treatment of the usual nature 
is sufficient to cure the attacks and to improve the 
electrogram. Treatment with ‘‘psychamines’’ was 
necessary in patients with a normal spontaneous elec- 
trogram and with paroxysmal discharges of sharp 
theta waves appearing during the early stage of 
natural or drug-induced sleep and in several cases with 
nightmares. 

In patients above the age of 50 with nocturnal 
attacks having appeared late in life, a treatment as 
applied to vascular disease is usually more efficient. 


39. Considerations concerning  electroencephalo- 
grams in 200 cases of generalized epileptic 
seizures which started late in life. — H. Gr- 
ROIRE, A. CHARBONNEL, P. VERCELLETTO and 
TRICHET (Nantes). 


Two hundred patients with generalized epileptic 
attacks which had started late in life were studied. 
If one excludes the cases where the attacks are 
only part of a general symptomatology of a known 
clinical syndrome or those which can be explained on 
the basis of known pathological lesions antedating 
the onset of the attack, the following observations 
can be made : 

(1) In the region where the authors studied these 
eases chronic alcoholism was the most frequent etio- 
logical factor. The EEG in this group was normal 
in 3/4 of the cases. 

(2) In the group of cases where epilepsy was the 
only symptom when the first examination was taken, 
the suspicion of a tumor was always very strong. EEG 
alterations such as polymorphous delta activity, which 
could have pointed in this direction, were however 
rare. On the other hand, the possibility of brain 
tumour cannot be ruled out by any electrographic 
pattern. 

(3) In cases with centrencephalic type of dis- 
charge the possibility of a late onset of idiopathic 
epilepsy cannot be excluded. 
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One observation is discussed where the similarity 
of the electrographic pattern seen in the patient and 
in a close relative of his constituted a very important 
argument in favor of this hypothesis. 


40. Interparoxysmal phenomena in cases. with 
bilaterally synchronous’ spike-and-wave  dis- 
charges. — P. DE Castro, J. M. SacrisTan, G. 
Moya and F. R. SANABRA (Madrid). 


The authors studied the interparoxysmal EEG 
phenomena in 100 epileptics whose tracings were char- 
acterised by bilaterally synchronous spike-and-wave 
discharges of varied morphology. 

(1) In 50 per cent of the cases there was diffuse 


dysrhythmia of variable intensity. The degree of this © 


disturbance seemed to be correlated with the irreg- 
ularity of the spike-and-wave complexes seen during 
the paroxysmal episodes. 

(2)The following random phenomena were ob- 
served: 

(a) In anterior head regions: theta activity was 
observed in some cases or bursts of slow waves and of 
spike-and-wave complexes restricted to cne or two 
single discharges and strictly localized to the frontal 
regions. These complexes were either slower or more 
rapid than the spike-and-wave discharges of the more 
characteristic pattern seen in these records. All the 
patients who showed this type of tracing suffered 
from grand mal. 

(b) In posterior head regions: trains of regular 
slow waves at 2-3 ¢c/sec. were seen in some cases, and 
these were often accompanied by a spike in one or 
the other of the temporo-occipital regions. This was 
often bilateral and would disappear with eyes open- 
ing and during intermittent photic stimulation. This 
pattern often preceded the discharge of the typical 
bilaterally synchronous’ spike-and-wave complexes 
which sometimes did not appear in a sudden way but 
seemed to develop out of this slow wave pattern. 


The authors are of the opinion that in cen- 
trencephalie epilepsy, in addition to the disturbances 
originating in the diffuse thalamic projection system, 
as characterized by bilaterally synchronous spike-and- 
wave discharges, there is often a participation of the 
specific thalamic nuclei which would find expression 
in the interparoxysmal phenomena. discussed in this 
study. 


41. A report on certain spontaneous or Pentothal- 
induced manifestations and on the neuronal 
systems which control these discharges. — J. 
SCHNEIDER and J. J. BLum (Colmar). 


The authors discussed the following electrographic 
manifestations: 

(1) Rapid activity of 25-30 c/sec. appearing in 
bilaterally synchronous waxing and waning bursts in 
anterior head regions. From clinical and neurophys- 
iological observations it is probable that the mesen- 
cephalic reticular formation and the corticopetal sys- 
tems are involved in the genesis and propagation of 
these activities. 

(2) Slow waves of a frequency of 2-3 ¢/sec. 
appearing in high amplitude bilaterally synchronous 
bursts in anterior head regions. The clinical symptoms 
in these patients were discussed. The anatomical and 
physiological characteristics of the systems involved 
in this abnormality were reviewed. 

(3) K-eomplexes were produced by pharma- 
ecological means. Clinical and _ neurophysiological 


aspects of this phenomena were discussed, as well as 
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the neuronal systems capable of playing a role in the 
genesis and propagation of these electrographic dis- 
turbances. 


42. The electroencephalographic changes in sleep 
produced by steroid compounds with anaesthetic 
properties: sodium succinate of 21 hydroxy- 
pregnandione (Viadril). — R. Damasio and 
V. GirRARD (Paris). 


This steroid compound is characterized by hypno- 
genic and anaesthetic properties. Sleep can be ob- 
tained with a fairly stable dose of 1.50 gm. and the 
awakening from sleep is similar to that from natural 
sleep. 

The successive EEG changes resemble those which 
are induced by Pentothal but the depression of so- 
mato-vegetative mechanisms remains more discrete. 

Four electrographic and clinical stages, which are 
correlated with each other can be distinguished and the 
transition from one stage to the other is gradual: 

(1) The stage of sleep induction: slight slowing 
of the mental processes accompanied by rapid rhythm 
predominating in anterior head regions; 

(2) Stage of transition to sleep: appearance of 
rhythmical bursts of high amplitude and sharp theta 
waves; 

(3) Stage of light sleep evolving toward deep 
sleep: augmentation of the amount of slow waves and 
progressive increase of their amplitude and duration; 

(4) Stage of very deep sleep or anaesthesia: this 
stage is marked by the appearance of silent intervals 
of a duration of one to several seconds, which are 
separated by rhythmical bursts of a spontaneous 
onset. 

The arousal reaction persists during the first 
stage, becomes slightly obtused during the second 
stage and progressively disappears during the third 
stage. 

In view of the complexity of the mechanisms 
regulating alertness and sleep only hypotheses can 
be formulated concerning the mode and locus of 
action of this drug. It is probable that this steroid 
acts by humoral factors upon oxydative processes and 
it was attempted to verify this by studying the effect 
of cytochrome injections upon arousal. In accord with 
recent findings one can consider as probable that this 
drug acts mainly upon the unspecific reticular forma- 
tion controlling the different levels of alertness. The 
practical use of the compound is summarily reviewed. 


43. Studies with a new activating agent for the 
electroencephalogram: ‘‘Bemegride”’ (‘Megi- 
mide”’ or ‘“SNP13’’). — R. Corrautt, R. DAMa- 
sio, E. SCHULLER, V. GIRARD and H. FARAND 
(Paris). 


Isolated as a separate compound by Shaw in 1954, 
‘“Bemegride’’, was used as an antagonist to barbi- 
turates. In view of its stimulating effect upon the 
nervous system, it was felt that it would be of in- 
terest to study its effect upon the EEG with the 
method of Delay and his collaborators consisting of 
administering progressively larger doses of this com- 
pound. This report deals with the first observation 
which were made upon a still limited number of cases. 
This compound appeared to be an excellent activator 
of the electroencephalogram. This drug is particularly 
interesting in view of the fact that it is better 
tolerated than Cardiazol. Its action is also more 
gentle and the conditions in which it can be used 
seem to be more numerous. Moreover, this compound 


is rapidly eliminated and barbiturates (specially 
pentobarbital) represent a powerful antidote with 
immediate action when injected intravenously. 

Finally, Bemegride is of interest not only from 
the neurophysiological point of view but also from 
the clinical point of view, since studies of the in- 
tensity and duration of its action suggest that it pro- 
duces a nervous hyperexcitability and that therefore 
its use in different neurological syndromes may well 
be justified. 


44. Technique of activation of the electroencephalo- 
gram by NP13 or Megimide. — G. and J. 
VERDEAUX, G. DrossorpouLo, P. CHANOoIT and 
E. SCHULLER (Paris). 


The authors describe the technique which is used 
at the present time for activating the EEG with the 
imide of the ethyl-methyl-glutaric acid, a compound 
used to replace penta-methylenetetrazol (Metrazol). 

The authors cite the complete bibliography con- 
cerning this new compound. 


45. Modifications of cerebral electrogenesis pro- 
duced by non-convulsive doses of Cardiazol. 
Quantitative relationships between doses and 
effects. — Z. Dronwockt and L. GOoLpsTEIN 
(Paris). 


The introduction of quantitative methods in elec- 
troencephalography by the application of integration 
of the variations in amplitude (integrator of Dro- 
hocki) permits the study of the pharmacology of the 
cerebrum and to establish quantitative relationships 
between doses and effects. 


The experimental procedure was standardized. The 
electrical activity during wakefulness was first re- 
corded. On the basis of the frequency of the integrals 
of electrogenesis, the mean value was calculated and 
the limits of significance were established. The drug 
to be studied was then injected and*the period of its 
action divided into a certain number of intervals of 
equal duration, during which the mean electrogenesis 
was calculated. It is sufficient to compare the value 
thus obtained with those characteristic for the varia- 
tions of the mean during wakefulness in order to 
deduce immediately if there is significant or non- 
significant variation. 


The authors studied the action of small doses of 
Cardiazol with this method. Intravenous injection of 
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2.5 mg. in rabbit was followed by a significant de- 
crease of the electrogenesis, which lasted for about 
200 sec. After an injection of 5 mg. the events were 
characterized by an initial decrease, which was fol- 
lowed by an augmentation of the electrogenesis. But 
in this situation the period of decrease in electrogenesis 
was shorter in duration. The injection of 10 mg. pro- 
duced a considerable augmentation of the electrical 
activity for a period of 1,400 see. which was preceded, 
however, by a period of decrease lasting for 80 sec. 
It results from this study that Cardiazol in small 
doses produces a decrease in electrogenesis, a decrease 
which probably corresponds to an inhibitory process. 


46. Modifications of the cerebral electrogenesis 
under the influence of curare. — Z. DROHOCKI 
and L. GoLpsTEIN (Paris). 


The quantitative methods used in the analysis of 
the effect of Cardiazol also allowed to study the 
problem of the action of curare upon the central 
nervous system. The question under study was 
whether the possible effect upon the electrogenesis is 
independent or not from that exerted upon respira- 
tion. The authors recorded in the rabbit simultan- 
eously the electroencephalogram and its integral, as 
well as respiration, whose integral was calculated by 
direct planimetrie methods. 

This study shows that small doses of curare 
(100/kg.) which did not necessitate the use of arti- 
ficial respiration and did not produce any sign of 
suffocation, produced inverse modifications of re- 
spiration and electrogenesis. While respiration was 
diminished by 30 per cent, electrogenesis was aug- 
mented by 15 per cent. Therefore, to the contrary 
of what is usually believed, small doses of curare aug- 
ment the electrogenesis by a mechanism which is dis- 
tinct from that exerted upon respiration. 

In view of the fact that the modifications of 
electrogenesis seem to depend upon the action of 
curare directly, it was attempted to study this mech- 
anism more closely by statistical methods. Histograms 
of distribution of frequencies of amplitudes showed 
that, while in the awakened state electrogenesis is 
concentrated and grouped around a single value, which 
is a phenomenon dependent upon the action of reg- 
ulatory mechanisms, under curare a less pronounced 
concentration is noted and there is a broadening of 
the zone of maximum. These modifications are the 
expression of a dysfunction of the regulatory system. 


BOOK REVIEWS 
Edited by CHARLES E. HENRY 


CLINICAL ELECTROMYOGRAPHY 


T. TOKIZANE and N. TSUYAMA 
Kyode Isho Publishing Co., Tokyo, 1955, about $2.00 


This Japanese text book of clinical electromyo- 
graphy was first published in 1952. It fulfilled the 
growing need for general information in a field which 
paralleled the progress of modern neurology. 

A comprehensive monograph, it was written by 
two authors, one a physiologist, the other an ortho- 
pedic surgeon. The purpose was to cover the subject 
as broadly as possible, including both the clinical and 
the physiological aspects. To the unusually abundant 
number of plates (174) and rich bibliography of the 
first edition were added the most recent advances in 
a second printing in 1955. In chapter I, devoted to 
the Neuromuscular Unit, the authors describe two 
types of motor units in the peripheral neuromuscular 
system: a tonic unit concerned with postural adjust- 
ment, and a kinetic unit related to phasic movement. 
Anatomically, the tonic motor unit is the main compo- 
nent of red muscle, being innervated by small anterior 
horn cells with thin fibers, whereas the kinetic motor 
unit is related to pale muscle and innervated by large 
motoneurones with thick fibers. 

In chapter II, the Method of EMG Examination, 
the construction and use of different electrode models 
(surface, concentric and monopolar) as well as ampli- 
fying and recording devices are amply and adequately 
described. The people concerned with clinical EMG 
will especially appreciate the extensive discussion of 
artifacts and other possible sources of error which 
might arise during examination. 

Chapter III is on the Functional Activity of the 
Normal Motor Unit. Firstly, the authors describe the 
difference in wave form as derived by various types 
of electrodes. The different figures noted by individ- 
ual workers for the duration of spike discharge when 
led off by needle electrodes are also analyzed. It is 
emphasized that the spike duration as well as the 
wave shape and its amplitude vary according to several 
factors; namely, the architectonics of muscle fibers 
in a single unit, the size of the active electrode, and 
the distance between the active electrode and the 
active unit being recorded. 

The study of fluctuation of discharge interval is 
the main topic of this chapter and one which the 
authors insist upon throughout the entire monograph. 
This original Japanese observation has not been taken 
up by most European and American workers. As 
studied by drawing of fluctuation intervals, correlo- 


grams and standard deviation-average interval curves, 
several types are described, one of them being ap- 
parently synchronized with respiration. These fluc- 
tuations appear to be the manifestation of the excit- 


tory or inhibitory state of anterior horn cells. They 


are modulated by proprioceptive impulses and excit- 
atory or inhibitory processes of the cerebral cortex 
as well as other regulatory mechanisms from the 
cerebellum and brain stem. As investigated from the 
study of fluctuation of discharge interval, there are 
remarkable differences between the kinetic and tonic 
motor units, there being a larger standard deviation 
for the kinetic motor unit than for the tonic one, the 
average interval being the same. Furthermore, mus- 
cles concerned with fine movements e.g. in face and 
finger, show a larger standard deviation than those 
related to coarse movement. 

It is suggested these observations could be related 
to the extent of motor representation on the cortex as 
illustrated by the homunculus of Penfield and collab- 
orators. This is borne out by the fact that a muscle 
occupying a large area in the motor cortex shows a 
larger standard deviation. The present reviewer would 
agree with this point of view following his experience 
based upon the findings of EMG studies in patients 
having undergone motor and premotor removals. 

Chapter IV is entitled Functional Activity of the 
Abnormal Motor Unit. Here is presented a lucid and 
clear classification of abnormal patterns. At the 
present time, the most confusing subject of clinical 
EMG is pattern terminology, as related to etiology, 
especially complex polyphasic potentials. These are 
classified into four patterns interrelating both wave 
form and etiology: (1) complex motor unit potentials 
(2) reinnervation potentials (3) synchronization 
(complete and incomplete) potentials and (4) group- 
ing potentials. 

The complex motor unit potential, being up to 1.5 
mV. in amplitude and from 5 to 20 msee. in duration, 
is similar to the nascent motor unit (Weddel e¢ al.) 
or recovery potential (Sargent). It is observed in 
the course of progressive reinnervation or denervation. 

The reinnervation potential, which has an ampli- 
tude of up to 15 mV. and of 5 to 10 msec. in duration, 
appears at least one month following the onset of 
nerve regeneration. It is caused by a motor unit 
having a much larger innervation ratio as compared 
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to its territory: of distribution before injury; thus 
one nerve fiber controls an additional group of muscle 
fibers as well as its own, whereas the complex motor 
unit potential would only be concerned with its proper 
fiber group. 

Synchronization and grouping potentials are dif- 
ferentiated as follows; while the needle electrode is 
in a fixed position, individual waves in a train of 
synchronization potentials are very similar to one 
another; on the contrary, grouping potentials display 
a unitary difference as well as additional unit spikes 
with the use of a thin needle electrode. These individ- 
ual spikes never appear with synchronization poten- 
tials which are associated, pathologically, with anterior 
horn cell disorders. 

Two theories have been advanced to explain fascic- 
ulation: one holds that it is due to hyperirritability 
of the anterior horn cells, the other that hyperirrit- 
ability exists in both muscle fibers and end-plates. 
The authors recognize the existence of these factors 
and differentiate them on the basis of wave form. 
Hyperirritability of the anterior horn cell is evidenced 
by simple fasciculation and incomplete as well as 
complete synchronization patterns, whereas hyper- 
irritability of muscle fibers and motor end-plates 
shows simple fasciculation and complex motor unit 
patterns. In theory, this classification would appear 
logical as regards etiology, but in actual practice the 
various differences in wave form are difficult to 
differentiate. 

Chapter V describes the Practice of EMG Examin- 
ation. There are excellent pictures and tables illustrat- 
ing anatomy, innervation (spinal and peripheral) and 
the function of individual muscles. It is emphasized 
that the EMG should be recorded under various con- 
ditions; at rest, during voluntary contraction as well 
as passive stretch and electrical stimulation of the 
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related nerves. In addition, the authors suggest the 
examination be done with the purpose of studying 
the interval diagram of a single unit as altered by 
reflex testing. This method is so sensitive as to reveal 
the existence of a latent Babinski in normal man 
while studying the extensor hallucis. This is evidenced 
by the shortening of the firing interval when the 
sole of the foot is stroked in the usual manner. 

Chapter VI is devoted to Diagnosis by EMG. The 
various entities are discussed: myopathy, disorders 
of neuromuscular transmission, peripheral nerve dis- 
eases, cord lesions and upper motor neurone diseases. 
The authors insist on the advantages of EMG in upper 
motor neurone disorders. It has been found that, not- 
withstanding the degree of rigidity in cerebral palsy, 
the discharge frequency of a single motor unit is 
constant, at about 8 to 10 per second. In other words, 
the number of motor units involved and not the fre- 
quency of discharge determines the degree of rigidity. 
Cerebral palsy itself, according to EMG, is classified 
into several types: (1) hypertonic-hypokinetic, (2) 
hypotonic-hyperkinetic, (3) hypertonic-hyperkinetic, 
(4) normotonic-hyperkinetic. 

Chapter VII is on Prognosis in EMG, discussing 
mainly, peripheral nerve injuries, poliomyelitis and 
other spinal cord disorders. Chapter VIII discusses 
the role of EMG as regards the indications and results 
of various therapeutic agents. In the final chapter, 
the authors review briefly various pathophysiologie 
mechanisms and their role in the different peripheral 
and central nervous system disorders. There is also 
included an outline of several problems requiring 
further investigation. 

On the whole, the book is an excellent treatise of 
this subject in Japanese. It is well worth translation 
into English and should become a classic in elec- 
tromyvgraphy unexcelled in English literature. 

Mitsuo Numoro, M.D. 


ELECTROCHEMISTRY IN BIOLOGY AND MEDICINE 
Edited by THEODORE SHEDLOWSKY 


(Sponsored by The Electrochemical Society, Inc. New York) 
New York, John Wiley & Sons, 1955, 369 pp., $10.50 


This book contains a number of reviews of fund- 
amental concepts underlying bioelectrical phenomena. 
Its range and spirit are set by an introductory par- 
agraph of Dr. Shedlovsky in which he writes: 

‘¢Blectrochemistry is concerned with the elec- 
trical properties and behavior of substances and 
with the transformation of chemical energy into 
electrical energy or vice versa. It is related to 
biology and medicine in two ways. First it pro- 

vides powerful laboratory methods and tools for 


the study of biologically important substances, 
such as viruses, hormones, enzymes and other pro- 
teins, and also for the determination in biological 
environments of such factors as acidity, oxidation- 
reduction, ionic mobility, activity and diffusion, 
dielectric constant and dipole moments. Second, 
living organisms and in fact all living cells are 
complicated electrochemical systems capable of 
transforming chemical energy and ionic transport 
into electrical signals. With appropriate appara- 
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tus the neurophysiologist may examine such elec- 
trical signals to learn what he can about the 
functions of nerve and muscle. The medical clin- 
ician, armed with a substantial background of 
correlated, empirical knowledge, observes the 
electrical signals from the heart or from the brain 
and thus is aided in arriving at a diagnosis.’’ 


The volume covers a wide variety of topics in 19 
contributions from 23 authors, beginning with a paper 
by Hitchcock on membrane potentials due to the 
Donnan equilibrium and ending with one by Jasper 
on the electrical signs of epileptic discharge. Of 
especial interest to neurophysiologists is Cole’s review 
of ions and potentials, in relation to the nature of 
the nerve impulse and Grundfest’s paper on the elec- 
trochemical potentials of bioelectric tissues. Cole 
discusses current explanations of the propagation of 
the nerve impulse and reviews his own experiments 
with Curtis and the classic work of Hodgkin and 
Huxley on squid nerve. While the roles of sodium 
and potassium in relation to the resting potentials 
and action currents of nerve have been greatly clari- 
fied by work reviewed by these authors, the mech- 
anisms controlling ion flow and the ultimate nature 
of the reexchange of the ions after passage of the 
action current is not yet satisfactorily understood. 
Grundfest’s paper especially points out controversial 
aspects of the problems involved and criticizes the 
role of the Donnan equilibrium in accounting for the 
resting potentials. He presents ingenious experiments 
with axons'and electroplaques of the electric eel to 
shed light on aspects of the controversy. 

These papers are followed by one by Nachmansohn 
and Wilson on dynamic structural aspects of mem- 
branes involved in the generation of bioelectric poten- 
tials. These authors consider among other things the 


role of acetylcholine as a regulator of membrane 


structure that in turn controls the ionic movements 
responsible for the measured potentials. 

This reviewer has been impressed for many years 
by, what the plant physiologist has contributed to 
neurophysiology in his studies of the greatly slowed 
and readily analyzable bioelectric phenomena of large 
plant cells such as Valonia, Nitella, and Halycystis. 
More than a quarter of a century ago Osterhout de- 
scribed diffusion potentials primarily due to potas- 
sium, .across. the protoplasmic membranes between 
vacuolar sap and fluid environment. These cells’ 
resting potentials and action potentials, including 
after potentials, bear many points of resemblance on 
the slow time scale of the plant cells to those of 
nerve. The dynamic steady state resulting from 
metabolism (only dead cells are in thermodynamic 


equilibrium) has been elucidated in these cells by 


Osterhout and his students. Two excellent papers, one 
by Blinks on electrical properties of large plant cells 
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and another by Osterhout on the apparent violations 
of the all-or-none law in relation to potassium in the 
protoplasm discuss electrical properties of the plant 
cells in terms of macroscopically analyzable metabolic 
and ionic events occurring across heterogeneous proto- 
plasmie membranes of the cells. 

Following the first paper by Hitchcock there are 
papers by Seatchard on the transport of ions across 
charged membranes; a paper by Solner on the elec- 
trochemistry of porous membranes and one by Solner, 
Dray, Grim and Veihof on membranes of high elec- 
trochemical activity of biological interest. Solner’s 
discussion of anomalous osmosis and of the properties 
and preparation of membranes that produce it to- 
gether with accompanying bioelectrical effects is 
especially illuminating. Other papers of fundamental 
significance are those of Otto Schmidt on dynamic 
negative admittance components of statistically stable 
membranes and of Longworthy on diffusions in liquids 
and the Stokes Einstein relation. 

Two papers, one by Tanford and the other by 
Carr, deal respectively with ion titration curves of 
proteins and with ionic activities in protein solu- 
tions. A paper by Miiller considers polarographic 
behavior of various plasma proteins, and one by Snell 
deals with activity coefficients of sodium and potas- 
sium phosphates in aqueous solutions. Some of the 
papers presuppose for full understanding a knowledge 
of physical chemistry possessed by few physiologists 
including this reviewer, but despite this difficulty the 
neurophysiologist will find the book a rewarding 
review of basic matters underlying the phenomena 
of action currents, resting potentials and their rela- 
tion to metabolic events and properties of membranes. 


The last three papers deal with topics closer to 
the professional activities of most of the readers of 
this Journal. Johnston and Cordes discuss electro- 
ecardiography and electrocardiographic leads; Bagchi 
writes on the preoperative electroencephalographie 
localization of brain tumors and Jasper concludes. the 
volume with a short paper on the electrical signs of 
epileptic discharge. 

The book grew out of a symposium of the Elec- 
trochemical Society and its contributors represent a 
wide range of interdisciplinary interests. It could 
have been improved had there been more of an 
exchange of views among the participants, possibly 
by publications of discussion from the floor or by a 
chapter attempting some syntheses and interrelation- 
ship of the material. Each essay is a unit by itself 
and the reader is left on his own in relating the 
significance of the wide range of contributions to his 
professional interests. But aside from this the volume 
is to be strongly recommended to those concerned 
with the basie underpinnings of neurophysiology. 

Hupson HoAGLanp, M.D. 
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CORRELATIVE NEUROSURGERY 


KDGAR A. KAHN, ROBERT C. BASSETT, RICHARD C. SCHNEIDER, 
and ELIZABETH C. CROSBY 


Charles C. Thomas, Springfield, Ill., 1955, 413 pp., 235 illus. $19.50 


This represent the most complete textbook of 
neurological surgery as yet in print. Various phases 
of neurological surgery have been more definitively 
presented in monograph form but no single book with 
which I am familiar covers the entire field so well. 
The attempt to correlate the anatomy and physiology 
with the pathologic process is admirable and will 
certainly stimulate others to do the same. 

The special chapters on electroencephalography, 
neuro-endocrinology and radiology are fitting and 
emphasize the importance of good teamwork if the 
neurosurgeon is to take advantage of all diagnostic 
aids. The chapter on _ electroencephalography in 
particular is stimulating and graphically illustrates 
the need for a closer liaison between the encephal- 
ographer and the surgeon. Superficially, this chapter 
presents a brief resume of the contribution the electro- 
encephalographer may make to the neurosurgeon in 
terms of diagnosis and localization of brain tumor. 
On a far more sophisticated plane the authors offer 
valuable information of use to the encephalographer 
whose clinical experience with space-oecupying lesions 
is less complete. The concept of what is an adequate 
electroencephalogram to exclude or localize a brain 
tumor is particularly well done and deserves to be 
read by all interested in the field, especially those 
working in general hospitals. Numerous hints as to 
reasons for false localization and even aids to localize 
posterior fossa lesions should augment the experience 
of even the most able encephalographer. Discussion 
of more common types of tumor both from the path- 
ological viewpoint as well as the anatomic location 
with these respective electroencephalographic peculiar- 
ities will serve as a reference for those faced with 
similar clinical problems. ‘Only by similar technique 
dedicated will electroencephalography 


and honesty 


reach an equal place as a vital diagnostic tool in all 


neurosurgical centers. One wishes a similar chapter 
on anesthesia had been included. 

The illustrations claim special tribute as they are 
unique and frequently vividly portray anatomic asso- 
ciations which would otherwise be obscure. The quality 
of the X-ray reproductions and gross anatomical 
specimens is excellent. They complement the text in 
a very real way and serve to better correlate the 
pathologic process with the elinical signs. This is 
of particular value to the young neurosurgeon whose 
clinical experience is limited. 

The chapter on the closure of scalp defects is 
especially useful as this is a problem which is en- 
countered rarely and receives little attention in many 
training centers. The occasion which does arise is 
frequently of an acute nature and does not allow a 
leisurely perusal of plastic surgery texts. 

Omissions in a text are inevitable. No mention of 
sympathetic surgery or peripheral nerve surgery 
detracts from the book as a definitive work. Some 
controversial attitudes are taken and while the pre- 
face specifically notes that the contents are the ideas 
of the authors, occasionally one wishes more general- 
ly acceptable views were at least presented. There 
are minor points and should not depreciate the over- 
all value of the book. 

One senses in reading this book that it was a labor 
of love, that while much time and work went into it, 
the authors are basically proud and at times enjoyed 
its preparation. The low key in which ideas are 
presented makes the authors seem approachable and 
enables one to disagree with specific points with the 
feeling that such dissention might be well received. 
Perhaps this is the essenee of scientific approach. 

It is to be hoped that the price of this book will 
not prevent the wide dissemination to the young 
neurosurgeons which it deserves. 

REMBRANDT H. DUNSMORE, M.D. 
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CYTOARCHITECTURE OF THE HUMAN BRAIN STEM 
JERZY OLSZEWSKI and DONALD BAXTER 


J. B. Lippincott Co., Philadelphia. 1954, 199 pp., $16.00 


The interest in the morphology of the brain stem 
has been revived in recent years by physiologic studies 
on the reticular formation, a region which has been 
insufficiently investigated anatomically until now. The 
present atlas originated in an attempt to fill the need 
of a more intimate knowledge of this area and 
will, therefore, be highly welcomed by all trying to 
correlate physio-pathologic and anatomic data related 
to the reticular formation. The altas is based on a 
study of Nissl stained cross-sections through 15 
human brain stems. In the first part, one finds a 
series of 19 semischematic representative sections of 
the brain stem accompanied by low-power photomicro- 
graphs, while descriptions of the individual nuclei 
supplemented by photomicrographs at higher magni- 
fication compose the second part. Besides portraying 
all known nuclear structures of the medulla oblongata, 
pons and midbrain, the authors have delineated several 
previously unknown cell groups, particularly within 
the reticular formation on the basis of cytoarchitec- 


tonic criteria. They attempt to subdivide the reticular 
formation into regions of specific cytoarchitecture 
and to classify all such regions as nuclei, although 
they recognize that the major part of the reticular 
formation is populated by loosely distributed cells of 
more than one type. The question does not seem un- 
justified as to which degree a subdivision of such 
areas is possible. For instance, in the midbrain teg- 
mentum a nucleus cuneiformis and a nucleus sub- 
ecuneiformis are differentiated; the presence of some 
large cells, lesser degree of cellularity and of glial 
satellitosis is said to distinguish the nucleus sub- 
euneiformis from the nucleus cuneiformis. The border 
between these nuclei, however, is rather indistinct. 
Whether physiologic correlates to these rather vague 
morphologic differences exist, future research will 
have to ascertain. With its beautifully reproduced 
photomicrographs, this atlas will be a valuable addi- 
tion on the shelves of everyone interested in the 
morphology of the human brain. 
E. A. SPIEGEL 
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In the August issue, page 502, fig. 2 should have been fig. 3 and fig. 3 


should have been fig. 2. 
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